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Editor’s Preface 


This book has been written m recognition of the need for greater 
emphaais on methodology m the training of students m psychology 
Considerable stress is placed on this type of training, and many of oui 
courses are diiected toward tlus pnmaiy objective, but the textbooks 
and references available to us are mainly devoted to a discussion of 
investigative results, uitli only an occasional explanation of methods 
These results, the facts and principles of psychology, aie always to be 
tempered and mterpieted in terms of the methods used Actually we 
spend many houm talking to our students about methodology, but very 
little time la devoted to waiting about this sulDject loi a brondei audjenco 
We hope in this volume to budge the gap between other textbooks and 
the objectives of seveial of oui academic coinses Our introduction 
to the methods of psychology applies this pimciple especially to the 
second course, which is usually called expet zmental psychology but which 
IS supposed to serve as a methodological introduction to a large number 
of more advanced courses To the extent that methodology is stressed 
in the first comae oi m more advanced and specialized courses, our book 
will help to fill a gap among the available textbooks It is, then, a book 
of lather wide application, and it may serve also to mtroduce a new 
undergraduate comse on methodology into oui cunicula 

Because of the vai leties of appi oach and the details of research tech- 
niques to be i-epresented, a book composed of the wiitmgs of many 
persons ^ya8 cleaiiy indicated I have been most fortunate in obtainmg 
the inteiest and seiwices of as large a number of respected specialists 
m the vaiious fields as there are chapters m the book The fact that 
all these experts readily accepted the heavy leaponsibility of \vritmg 
their chapters for our book and entered into the spirit of intensive col- 
Inbointion on this project must certainly mean that the problem of 
training in methodology is impoi tant to them 
The contributing authors were asked to wite thoir chapters in teims 
familial to students who have completed the introductory couree m 
psychology In assigning work in this book, that basic level should be 
considered by the instiiictor The authors also agreed that there 
should be a very minimum of involvement m purely histoiical and 
theoretical controversies Some authois have preferred to arrange 
then chapters bo that methods aie piesented m terms of the major 



problems Others have presented the piobleras in teims of the methods 
In no case, ho^vevei, have the central pioblems of investigation been 
omitted from any chaptei topic Methods aie always to be undeistood 
in then relations to the pioblems of psychology 

The content’^ aspects of geneial psychology — the investigative le- 
siilts, facts, and piinciples — aio suiweyed m brief foim m the chaptei sand 
m terms of the methods involved in then discoveries Because tlie 
purpose of the book is to discuss the majoi and repiesentative methods 
of psychology, these sections on results have been hold to a lathei 
mmoi lole Were we to sticss methods and lesults equally, the text 
would take on the form of a handbook of psychology That has not 
been oui pmpose, and it is to be undeistood that the material of this 
book 13 organized to supplement othei textbooks whose purpose is to 
piesent the '^content” aspects of geneial psychology 
The reader who is disposed to seek foi a really complete discussion 
of all aspects of psychological methodology will find many omissions in 
each chapter and some omissions in the chaptei headmgs The piesent 
limitations of space have foiced me to lequest that each contiibutmg 
author choose the essential and moie lepiesentative modem methods 
for discussion These are the things ue stress in oui methodological 
training of undeigmduate students Some leaders may be disappointed 
to find that theie aie no chaptei*s on atatistical methods oi on methods 
of mdustnal psychology Such chaptei’s might be expected to appear 
m oin book Statistical metliods, a veiy important comei stone in 
modern psychological leseaich, aie tieated moie fully than any of our 
othei methods m textbooks and leference woika devoted to that sub- 
ject Consequently we have elected to have the student lefened else- 
where for a discussion of statistics, so that we may have an mcreased 
amoimt of space to devote to the details of other methods and techniques 
not found in other woilcs Any couise on methods of psychology must 
devote considerable attention to statistical methods, and it is to be 
understood that some conveimncy with this subject is pi'esumed for a 
full appreciation of the methods described in our book 
Industrial psychology does not repiesent a separate disciplme, 
and moat of its characteristic methods have been boiTowed from other 
fields of psychology We have not included a chapter on the methods 
of mdustnal psychology because the matenal of eiioh a chapter would 
mainly mpeat pai’ts of the content of Chapters 16, 17, 18, and 19 
It 18 impossible to mention all the sources of influence and informa- 
tion to which the authors and tlie editoi aie uidebted When the source 
is apparent, as m the case of quotations and illustrations, appropriate 
acknowledgment has been made m the text As the editoi, I am deeply 
grateful to the advisoiy editor of this senes for hie many helpful sug- 



gestions I am most giateful^ also, to the coutnbutmg authois for their 
gland spuit of coopeiation and scholarly advice I must, however, 
stand personally I’esponsible foi the pattern of organization of tbLS book 
If it functions in any way to aid m the directive training of our future 
psychologists, it vnU have seived its puipose well and offeied ample 
rewaid to the authois and the editoi 

X. G Andrews 


Umvorflity of Chicago 
Januaiy, 1948 
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Chapter 1 

An Introduction to Psychological 
Methodology 

7 ". G Andrews'^ 


As the student sun^eys the liteiature of modern psychology, he is 
impiessecl with its wide scope and the extiemely varied methods that 
ftie employed m its heteiogeneous domain The data that fall within 
the boundaries of psychology include sucli diverse subjects as loudness 
disci immation in dogs, factois of delinquency in urban areas, spinal 
reflexes, and psychotheiapy Yet all these aie psychology Not 
only do the data and souices of data show gieat diversity, but it 
naturally follows that the methods of Uie field must also exhibit some 
similai degree of diversity 

Within the gigantic framewoik of psychological BCience theie 19 some 
system and oidei among the facts and among the methods The 
purpose of this intioductoiy chaptei is to search into the bases of 
methodology and attempt to bung togethei some of the common 
• featuies and diffeiontiating featmes of the sundiy methods that are 
being employed m the advancement of psychological knowledge The 
lemaining chapters of the book are devoted to the moie specific 
methods and the technical details of their application m the different 
fields of interest 

The eoience of psychology faces several lather fundamental difficul- 
ties One of these major difficulties can be appieoiated by a comparison 
with the so-called natiual sciences, in which the beginning points — the 
law mateiial — aie not undei great oontioveisy Man does not ordi- 
nal ily question the basic subject matter of physios or of chemistry, 
such raw stuff constitutes the mam stimulus objects of his physical 
environment On the other hand, histoiicnlly, psychology has had 
some difficulty in tiymg to decide the boundaries of its subject matter, 
which has langed fiom consciousness to the more modern and opera- 

1 Assistant ProfoBsoi of Psychology, University of Chicago 
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tionally definable disovmnatoiy }espome [3] There aie many ways 
of going about the analysis of the behaMoi which we call the subject 
nmttei As Piofessoi E G Boung has indicated, psychology has 
settled down to the attempt to account man’s functional capacities 
and describe them [4] 

Duiing its historical difficulties conceinmg subject mattei psychology 
lias fu^teied the giowth of seveial lather divergent points of view, out 
of which theie have ausen sevctal inteiesting contioversies [11, 12] 
Ceitain psychologists have also felt compelled to expend considerable 
energy in tiymgto combat the easily made claim that then field should 
not be classified as a science Pei haps the oldei subjects of analysis, 
such as consciousness, did not appeal veiy scientific, but such a con- 
troversy IS neveithele&s a bairen one In this legaid it is best to follow 
the lule, as stated by Kail Peaison [19], that any field is a science so 
long as it consistently employs scientific methods 


BACKGROUNDS OF SCIENTIFIC METHOD 
Rotionalism and Empiricism 

If method is to be the major entenon of science, we can easily 
see the necessity for becoming eonveisant with the backgiounds and 
chaiacteiistics of scientific method 
The philosophical techniques used to evaluate and investigate 
behavioi and all othei tilings aie )atioml m nature Rationalism is 
the moie speculative philosophy which attempts to aiiive at ^Tiuths” 
by leasonmg from a few lather broad assumptions in accordance with 
some principles of coirect piocediuc, latlier tlian by tuining diiectly * 
to expel lencG It is evident that rationalism presupposes a very strong 
faith in man’s power to reason 

There have been some quite satisfactory procedures and cnteiia foi 
deduction fiom piopositions [0], but a major ciiticism of the familial 
syllogistic form is that it has nevei proved of value m obtaining leally 
new information Demonstiatmg by syllogistic reasoning such things 
as ^'Socrates is mortal" has not been sufficient to satisfy the more 
spirited and einpmcal truth seekeis [16] Also, the major premise 
(the large i/) in such syllogisms is usually an untestable hypothesis 
Waiting until the last man has died in order to demonstrate that all 
men aie moital would not be a fiuitful procedure 
Some investigators of a less speculative fiame of mind were seeking 
new information, and so they scrapped most of the techniques of the 
rationalists and turned directly to natuie and expeiience for the 



answers to their questions These questions took on new forms, they 
were stated with gi eater piecision and were moie closely directed to 
the world of expeiience Rathei than remaining satisfied with a state- 
ment merely because the lules of logical deduction had been follow^ed 
in deiivmg it, these invcstigatois tested the statement by detei mining 
wdiethei it concuned wuth othei types of obsei ration 

These newer techniques were earned out m an entiiely different 
spirit Instead of the syllogistic form, the re\eise was applied — that 
of starting from particular and going tow^aul geneialities This 
principle of indxictiorij howevei, did not allow the application ol 
convenient ciiteiia of ^^truth” that had been developed foi a syllogistic 
deduction Although a little moie tioublesome, this lack of complete 
eiitena served a puipose, because it helped science to thiow off the 
cloak of absolutism and become piogicssive by never feeling too cei tarn 
about its results [IB] 

There w^eic many veibal battles and some actual bloodshed befoie 
the more inductive and empincal techniques w^eie fully launched on 
their way toward the development of the body scientific In the 
division of the two camps, the more rugged and individualistic empiii- 
cists tended toward over compensation by throwing completely over- 
board any connections with the despised speculative systems Duiing 
moie lecent years, however, theie has been an inteiesting and profit- 
able 1 eversion to the extent that scientists are becoming more and more 
concerned about the philosophical bases of then methods and modes 
of discourse Philosophy, therefore, is still with us m all our scientific 
endeavors [6, 17, 20] 

Foi pui poses of the desciiption and prediction of natural phenomena, 
the empirical and inductive methods of science have survived as the 
fittest Nevertheless, whenever the scientist poses an hypothesis lor 
mveatigation, designs an experiment, arranges precision instiuments 
for purposes of recording, statistically analyzes the quantitative results 
of the investigation, and makes inferences about behavior on the basis 
of the experimental results, he is making a large number of critical 
assumptions that are based on some one or another philosophical pre- 
supposition In the following analysis of psychological methodology 
we shall see how the more abstract tools of science are inextricably 
mixed with philosophy 


The General Plan of Scientific Method 

The scientist selects a tentative explanation as tire beginning step 
in his inqmry, and this tentative suggestion is taken as an hyj>othem^ 
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^^hlc]l diiects the bearch ioi coiioboiative or negating facts The 
hypothesis is raeicly a question and is usually quite nanow m sco])e 
These hypotheses aie piecemeal but not haphazaidly so, each is a 
question lecognized as belonging to a largei family of questions 

An in\eatigation la designed in such a way that it involves a direct 
analysis of all the majoi conditions of the hypothesis Picfeiably 
the investigation takes the foim of an eipenmentt which is canied out 
undei iigidly controlled conditions during the systematic vaiiation of 
one of these conditions in paiticulai Theae characteiistics allow the 
reproducibility of the conditions under which a given expeiiment is 
pel formed When e\peiimentation is impossible, howevei, the inves- 
tigatoi may employ other methods Psychological science is founded 
upon but not limited by the experimental method 

If the results of the investigation are not coiitioveisial, the hypothe- 
sis may be confiimed (although not proved), and the next step 
involves tying togethei the lesults of a laige number of scientifically 
tested propositions which have some system of lelationship The 
results of this last step may involve the foimulation of a Bcientiiic lav)^ 
which IS only a type of mental shoifchand by which a number of facta 
or relations aie subsumed under one simplified statement A natural 
law, then, is meiely a r 6 sum 6 of a longer and more detailed descnption 

Anothei stage, althougli not an absolutely necessary one, is the 
organization of a theoiy to account foi the laws The laws, as well 
as the theories, represent geneializations from which foimal deductions 
can be made These deductions are then set up as hypotheses foi 
further scientific investigation A paiticuIai law oi theoiy is thus 
tested objectively according to whethei or not the things which it 
predicts (which may be deduced from it) aie suppoited oi disci edited 
crapiriCRlly As more and more correct predictions are added foi a 
particular theory oi law, say that truth is appi cached (not 
attained) by the theoiy or law 

The process of induction fiom empmoal evidence always involves a 
treacherous step because the evidence is nevei complete In testing 
a certain hypothesis about human behavior, we can never study all 
humans but must obtain what is believed to be a "repiesentative” 
sample from the hypothetical population of all humans Generaliza- 
tions are thus of necessity made on the basis of partial 'evidence, and 
so they are made only as probable injerences The degree of proba- 
bility — or confidence — ^that can be attached to scientific inferences 
differs from one to another, and to this extent the business of science 
18 diiected toward diminishing error in the general process of scientific 
problem solving 

The scientific method becomes more than a meie circular game 
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played by acientists when predicUon dnects investigation to seek 
eoraething that has not been pieviously suspected Fuitheimoie, some 
of the most spectaculai achievements of science have been produced 
by the lathei stiaightforwaid system of inducing a geneialization and 
then deducing fiom the geneialization Good experimentation, then, 
IS not a lut-oi-miss aifair oi puiely random tnal and enor, and this 
fact led Dai win to the piegnant statement, ^*How odd it is that anyone 
should not see tliat all obseivation must be for oi against some vieiv, 
if it IS to be of any seivice 

Theoiy and expcnment are the helpmates of scientific pursuit, 
theoiy suggesting the pattern of the maze, and expeimient determining 
the blind alleys and the shoit cuts Whenever such a maze is found 
to be composed only of blind alleys, it is modified or discaided, or at 
least It should be To this extent the term science should be reserved 
to desciibe a body of venfied knowledge^ and the most satisfactoiy 
Cl 1 tenon of science is in teims of the method of veiification Knowl- 
edge of facts without knowdedge of tlie piocedmes to discover the facts 
does not constitute science, and this is especially true in psychology 
Knowing about the beha\ioi of people does not qualify one as a 
psychologist 


Classification of Psychological Methods 

When we try to catalog the many methods of investigation in 
jisycliology, we find that there aie seveial types of general methods 
and seveial types of moie specific techniques The various fields of 
psychological study have thoir own specific techniques of leseaich 
The more geneial methods, howmvei, are not peculiar to the separate 
fields but aie used as common piopeity by all psychologists These 
geneial methods of investigation may be bioadly classified in several 
different ways, one classification scheme is as follow’s 

1. Methods of selecting the individuals to be studied 

2 Methods of conti oiling extianeous stimulation during the inves- 
tigation. 

3 Methods of instructing or diiectmg the attention of the indi- 
viduals under investigation 

4 Methods of piesenting the stimuli 

6 Methods of registering intei mediate bodily changes 

6 Methods of obseivmg and recording overt responses to stimu- 
lation 

7 Methods of analyzing and synthesizing the data resulting from 
an investigation 
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Althou^^h there is buiiio ovcilap])ing among these clashes of methods, 
each clasb pei tains to humans oi lo\\oi animals, to learning, sensoiy, 
motivational, motoi, social, abnormal, child, personality, educational, 
01 industrial investigations This classification of methods is easily 
seen as depending to a consicleiable extent on the stages of the 
%nvesUgatio7i 

Another and somewhat old-iashioned type of classification is 
based on a differentiation between mbjectwe and objective methods 
Because of the nature of many ps>chologica! phenomena theie has 
always been some concern about tins differentiation In so far as the 
diiect expeiience of an individual is to some extent a private and 
subjective phenomenon, many of the methods used to study diiect 
experience and mental pioccsses are called subjective The general 
technique foi investigating these phenomena — thought, images, feel- 
ings, sensations, jicrceptions — has been to ask the subject to report 
on these expeiienccs, to intiospect This general type of observation 
has Ijecn distinguished fiom objective obseivation, which is not so 
dependent on the biases oi judgments of the individual observer and 
better permits independent verification Such a methodological dis- 
tinction has become of less impoitance with the growing realization 
that all the subjective methods can be handled with a considerable 
degiee of objectixity and that all the objective methods have some 
of the characteiistics of subjectivity 

Still another and somewhat moie fruitful classification of psycho- 
logical methods is in teiins of the conditions of control and the pur- 
poses of the obseivations The general methods may be chaiacterized 
as evpen77iental, difjeientxal, or clinical These classes overlap only 
slightly, and a choice between them is usually made on the basis of 
the specific problem to be solved and the nature of the assumptions 
that are possible or adyisable for a particular investigation*^ 


EXPERIMENTAL METHODS 

Experimentation holds the central position in psychological science, 
as it does in all other sciences, foi the reason that it best exemplifies 
the piinciples of scientific method [20, 22] The experiment consists 
of objective obseivations of actions peifoimed under ngidly controlled 
conditions The hypothesis foi investigation is chosen and is stated 
m such a manner that it can be tested rather completely One factor, 

2 All three geneml methods may be used m any one psychological research 
project For an example of the joint use of these methods m one senes of inter- 
esting studies the reader is referred to [18] 
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the ^^causal’^ one, is usually mailed tliiough a piedeteimined range of 
values In the muie classical scheme, changes are pioduced m one 
variable at a time, and the effects of these changes are obseived and 
measuied or lecoided while all other iinpoitant vaiiableb of miluence 
aie held constant in their effects [2, 7] 


The Independent and the Dependent Variable 

One mannei of illustrating a typical design for a psychological 
experiment is shown m* Fig 1 This diagiam indicates that a certain 
type of specified action, the dependent variable, is obsei^ved while it 
IS influenced by aibitiarily produced changes in some specified stimu- 
lating condition, the independent vanable Othei stimulating condi- 



Flg 1 A diagram to represent the scheme of a psychological experiment 


tions that might influence the dependent variable are not allowed to 
vary during the course of the experiment, le, their influences are 
held constant On the other hand, actions other than thote of one 
particular dependent variable are quite natuially being carried on by 
the organism, and these are indicated by the lines i2i and -R3 In some 
experiments measuies of these othei responses are recorded during 
the whole process, and under such conditions more than one dependent 
variable exists in the experiment Such is the case in an expenment 
which 13 designed to deteimiue the effects on both mood and efficiency 
(two dependent variables) of changes in oxygen content of the mi 
breathed by the subjects in the expeiiraent • 

Thus theiG 13 only one independent variable in an expenment of 
the classical design, and so we often hear ol the law of the independent 
vanable This law states that we are to keep aii oauBal iaotors 
constant except one, which is to be systematically varied while 
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obseivations of concomitant oi succes^^ive changcb in the dependent 
variables are made Such a pioceduic lules nut all othei possibilities 
of pioducing in the icsults effects not attiibiitablc to the one inde- 
pendent vaiinble Certain systematic expcninental designs aie now 
available that enable the expcunicnter to employ moic than one 
independent variable m a single expenment A discussion of this 
important point will ansc later 

The foregoing desciiption is not to be taken as indicating that all 
the factois involved in any experiment aie under the investigator^s 
contiol If the obseuations could be completely conti oiled, the 
experimenter would need to make only as many observations as theie 
aie degrees of change m the independent vaiiabie This may be the 
situation in certain physical sciences, but coitamly not in the behavioial 
sciences, wheic the behavior of the oiganism is quite vaiiabio and 
IS lufluenced by a multitude of factois, both intenial and exteinal 
Because of the relatively gieat vauflbility of behatioi, it is necessary 
for the expeumentoi to obtain several obscivntions undci each con- 
dition of tlie expenment An nveiage tendency among tlio obsciva- 
tions foi each level of the independent vaiiablc is then computed, and 
that aveiagc tendency is accepted as a imiie dependable and lepic- 
sentative value for the dependent vaiiablo 

Importance of Controls 

Many of the factors that would influence and modify the behavior 
specified by a partieulai dependent vauable must have then influence 
removed from the experimental situation Insuring adequate contiols 
IS one of the most important pioblems for the expeumentahst to face 
The influences of unconti oiled factois may obscuie the results of 
experiments that would otherwise be cntical, and yet psychology 
cannot exeit control ovei all the possible sources oi influence that aie 
extianeous to the independent variable The result of this seeming 
impasse is that all experiments must bo repeated (replicated) and 
must produce consistency of results under a vaiiety of conditions 
before they become accepted as demonstrating ^Tacts The scientist 
must always be piepared to scrap his lesults whenever they aie 
demonstrated to be untenable m the light of replication under moie 
precise control 

A Typical Psychological Experiment 

Before going further into the logic of experimental design, the 
reader is refen ed to Buxton's description of an experiment by Courts. 
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In Chaptci 3, pages 73-75, the expciinient is analyzed Couits 
tested the hypothesis that theie is a functional relationship between 
the dogiee of tension on the paib of the learner and the elRciency of 
leaining, and the de&ciiption given of Couits^s study foinia a good 
Ich&on in exiieiimciital design The leadei should study this descrip- 
tion caicfully befoie pioccedmg in this mtioduction 


Functional and Factorial Experiments 

As a icsiilt of having carried out an expeiiment, the psycJiological 
invostigatoi ut^ually wishes to express a relationship between the 
independent and a dependent variable Seeking for such concomitant 
vanationa is one of the must im])oitant endeavois in scientific work 
[6, 23] As a icsult of this type of infoimation science is able to 
understand causal factois and make picdictions 

Tluough expenmcntation we wish ultimately to establish statements 
of scientific law, or at least geneializations ^hich approach the status 
of laws The laws, oui goal, expiess lelations and thus become the 
model foi an iiniiortant type ol expcunient When the researcher 
wishes to determine the functional relationship between two expeii- 
mental variables, he fiist establishes the range of the independent 
vaiiable within which he will expenment As a next step he chooses 
se\cial values within that lange and stimulates his subjects with each 
of these values (oi undei the conditions of each of these values) while 
he obseives and lecnids the resulting changes in behavior of a specified 
soit (the dependent variable) This genera! piocedure identifies the 
expel iment as being of the junctional type, i e , one m which a func- 
tional lelationship is sought Such was Courts's experiment 

Quite often, however, the researcher must cast about m a more 
exploiatory tashion to deteimme factors that will offer some chance 
of showing impel tant and useful relationships Instead of using 
several values along the independent variable, the experimenter may 
use only two, as in the typical experiment wheiein a diffeience is 
sought betoeen the piesence and the absence of a certain feature The 
lesults of such experunente as this do not mdicate the functional 
relations between variables but do show whether the factoi which 
has been changed produces any measuiable change in the dependent 
variable AVe may classify expeiiments of this second type as 
factorial ® Experiments of the factoiial type are most useful as 

8 The term factorial, as used here, la not to be confused with facional analysis 
(see pages 631-633) or with factortul design, a term used in certain kmda of etatie- 
tical analysis 
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ptehminary stages in an expeiimental program, they are used mainly 
to answei the question whaty wheieas expenments of the functional 
type aie designed to answei the question how 


The Control-Test Method 

In order fuithei to see how expenments aie designed to answei 
psychological hypotheses, we may make another type of classiflcation 
of experimental methods ^ One of tliese classes may be called the 
control-test method, winch consists in the obseivation of peifoimance 
under what may be called noimal conditions and then again with one 
condition changed Tlie contiol-test method is an example of the 
factoiial type of expeiiment at its simplest level Foi example, visual 
acuity might be measuied undei oidinaiy conditions of illumination 
and then undei the condition of glare Actually the ineasuie would 
be taken sevcial times undei each condition, but it would not be 
necessary to have two different gioups of subjects for the experiment 
The contiol-test method is sometimes called the method of diffeience 

The contiol-test method is used when theie is little oi no practice 
effect 01 tiansfei flora one condition of incasmement to the other 
Visual acuity is not changed by its measiuemcnt, although the piocess 
of measuieracnt is usually novel oi complex to the degiee that it may 
take the subjects a few practice tiials to learn to follow the mstiuc- 
tions and to give leliable repoits Such piactice tiials, of course, aie 
not recorded 


The Control-Group Method 

This technique consists in observing two equated groups of subjects 
who are pei forming undei the same conditions except foi the influence 
of one element The scale of piesence-absence of this one paiiicular 
element represents the independent vaiiable of the expeiiment and 
identifies it as factorial in type The difference in peiforraance 
between the two groups is the dependent variable and is a function 
of the mdependent vaiiable if all other souices of influence are 
eliminated. 

In this experimental design it is very important that the two gioups 
mvolved have equal potentialities to begin with In order to approxi- 
mate this condition the groups are equated; i e , they aie so chosen as 

4 This clasBification and analysis of p^chological expenments Ims been sug- 
gested by T A Jackson [14] 
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to be at tlie same level of measured capacity on the vaiiables that 
may conceivably affect the lesults, and ideally they should be equated 
foi all ehaiactenstics which might beai on the investigation at hand 
Because perfectly equated gioups are a fiank impossibility, the inves- 
tigator IS usually content to equate foi those ehaiactenstics which 
seem most likely to influence the dependent variable 

An example of the contiol-gioup technique may be desciibed in the 
following manner The geneial hypothesis may be that practice in 
memonzmg increases memory ability Such an hypothesis defies 
dnect evpciimental test, and so a moie particulai aspect of the geneial 
statement is chosen piactico in memoiizing certain piose inci eases 
ability to menioiize certain poetiy In designing an experiment for 
an adequate test of this hypothesis, the fiisfc step is to select a group 
of subjects who aie reasonably homogeneous m mcmoiizing ability 
and do not diffei fiom one another very much in intelligence All the 
subjects aiethen gi\en a test (the jo)e-te$t) to determine then ability 
to memorize poetry On the basis of the scores from this fore-test, 
the subjects aie divided into two groups such that the average poetiy- 
memorizing abilities (as measuied by the test) are the same It is 
also desirable that the variabilities of the two gioups be equal One 
of the two groups is now chosen as the etpemyiental group, and a 
period of practice m memonzmg piose is spent by this group The 
other group becomes the control group and does not receive any of 
the piactice on prose Both gioups aie then given a final test on 
memonzmg poetry 

The following hypotlietical data may be used to indicate the 
expression and treatment of expeiimental results that might accrue 
from this investigation 



Fore-Test 

Trainino Period 

Final Test 


(poetry) 

(prose) 

(poetry) 

Expenmental group 

62 

— 

79 

Control group 

62 


m 




Difference ^13 


The two groups were equated at 62 (same measure of profi.cienoy) on 
the fore-test, and the experimental group was 13 points better than 
the control group on the final test This difference is now attributable 
to the effects of the tiammg peiiod on the experimental group, because 
the two groups were the same in moat otlier impoitant respects It 
is to be noted that the control group in this hypothetical experiment 
became slightly better (by 4 points) at poetry on the final test, 
presumably due to tlie practice administered m the veiy taking of the 
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foi e-test Thciefoie, a\o may assume that the experimental gioiip 
likewise gained 4 of then 17 points as a icsult of the piactice aftoicled 
by the fore-test 

The control-group method is used whenc\ei it is possible that tlic 
function to be measuied (momoiy m the expeiimcnt desenbed) may 
change evciy time it is measuied That is, tlieic may be and usually 
13 some practice effect within the foi e-test itscll, and the only ^vay to 
determine the amount of this unwanted practice effect is by the use 
of the control gioup 


The Matched-Pair Technique 

The theory of the contiol-gioup method is applied to situations 
other than those involving giowth or learning When choosing two 
groups tor the purpose of evaluating the eftects of an independent 
variable, the investigatoi often selects the siibjeotb in pans, and this 
pioceduie is Icnown as the matched-pan technique In such cases 
the independent vmiable may foim the basis of the selection Foi 
example, an investigatoi may wish to dcteinnnc whether bright cliil- 
dren aie moie or less suggestible than dull childien This hypothesis 
18 an interesting one and has been tested in a lathei precise mannei 
by Simmons [21] Knowing that suggestibility may be influenced to 
a consideiable extent by age and sex, Simmons chose childien m pans 
in such a way that the two membeis of each pair were exactly equal 
in age and weie of the same sex One member of each pan was dull, 
with an intelligence quotient below 90, and the othci raembei was 
bright, with an intelligence quotient above 125 Foi oiu purposes 
we need not be concerned with the way in which suggestibility was 
measuied It will suffice to say that the gioups weio tieated in 
exactly the same manner m the investigation and a numeiical sug- 
gestibility 80010 was obtained on each subject, Interestingly enough, 
the blight children averaged 30 7, and the dull childien averaged 46 3, 
the latter being definitely the more suggestible In this factorial type 
of study by Simmons the independent vauable was intelligence, which 
she “varied” m the mannei jn which ^he selected her groups 

It 18 worth pausing for a moment to note that Simmons’ investiga- 
tion does not qualify as a real experiment, which necessaiily involves 
the moie purposive manipulation of tlie independent vauable It is, 
howevei, sometimes desirable to tmn to natui’e and find conditions 
that conform rather closely to what is wanted and so to utilize these 
conditions without fuithei manipulation In such cases selection may 
leplaco control, After all, intelligence is not a variable which we 
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can easily manipulate and ^aly, and theiefoie we must turn to indi- 
vidual diftei cnees foi a scale, lather than to a physical scale which can 
be employed in the laboiatoiy 


The Practice Method 

This method consists in tiaining the subject oi subjects m the 
function to be used until no more impioveraent is made as a result of 
training oi piactice Aftei such a level of practice is i cached, vaiia- 
tions in peifoimance may safely be asciibecl to vauations in the 
conditions under which they are made When a subject is used as 
his own contiol in this manner, it is obviously necessary to reach a 
higli piactice level befoie beginning the experiment propel The 
piactice method is not ticqucntly used m experimentation because a 
gieat deal of time is lecjuiied foi each subject, thus making it difficult 
to obtain a veiy large numbei of subjects, also the method is obviously 
not suitable foi studies that peitain to the early stages of the leaimng 
piocess These factuis that weigh against the geneial use of the 
piactice method cleaily indicate a cential pioblem m experiment- 
mg on oigaiusms, le, the oiganism is subject to change by the 
veiy measuiement process itself — a featuie especially peculiar to 
psychological expeiimentation 


The Rotation Method 

The rotation method consists in piesenting two or inoie stimulation 
situations to the experimental subjects in as many sequences as neces- 
sary to control the seiial effects of fatigue oi practice Foi example, 
if we wished to deteimine the lelative influence of two specified 
conditions, A and B, on a gioup of subjects, ve would not measure 
all the subjects under condition A and then under condition B Con- 
dition A miglit so fatigue oi tram the subjects that the measures under 
condition B would not be independent of the fatigue oi training 
effects — anothei case in which the measuimg piocesa changes the 
behavioi We would thus be faced with two alternatives We might 
obtain half the measuies foi condition A, all the measures for condition 
B, and then the othei half of the measuies for condition A This 
technique is sometimes called the ABBA order or countei balancing 
Another altei native is to sepaiate the subjects into two equated groups, 
one of which leceives tieatment A and then B, wheieas the othei gioup 
leceives treatment B and then A Both sets of A lesulte and both 
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bets of B losults may then be combined, and the difterencc between 
them calculated 

The puipose of the lotation method m cxpeiimcntal design is faiily 
obvious The advantage oi disadvantage of placing one condition fiist 
in the sequence is balanced loi the t\\ o conditions An assumption is 
made in this logic, however, to the eftect that the tiansfei effect fiom 
condition A to condition B is the same as from B to A This assump- 
tion may oi may not be sound, and it is piobably made more often 
than is justified At any rate, the rotation method should be applied 
only with some caution, and it is usually a compromise method 
Ideally, laige groups oi caiefully equated subjects should be used in 
an expeiiment, one for one condition and the other for the othei con- 
dition The lotation method, however, is usually lesoited to when 
only a limited numbei ot subjects aie available, and with this method 
all the subjects aie measuied undei all the conditions, the two gioups 
are equated because they aie the same poisons This assumption, 
however, may be a delusion because a subject is not the same aftei he 
has had a certain test — ^he may leain important elements or attitudes 
for the next test 

Let us bhefly go thiough a typical situation in which the rotation 
method is employed as a gioup demonstiation foi classes in experi- 
mental psychology Using the hypothesis that the three typical 
metliods of measmmg ictention of veibal material give differ ent 
results, we choose three lists of nonsense syllables in such a way that 
tire three lists aie of equal difficulty (This equality can be obtained 
from lists published for the puipose ) Calling these lists A, B, and C, 
wo have a large group of subjects raemonze the lists in the oulei 
ABC and imdei standaidized conditions Tor each subject we obtain 
a scoie on each of the three lists, and thieo scores are then averages 
for each person We send the subjects away with the admonition 
that they should not rehearse the material lu any way and that they 
should return to the laboratoiy at a designated time in the futuie 

From the set of scores we equate thieo gioups of subjects, I, II, and 
III, such that they aie equal in then demonstiated ability to memo- 
rize the material When tire subjects letuin foi further obseiwations, 
we insU’UCt them in such a way that the diffeient groups take the 
retention measures in the following mannei^ 


Group I 

Recall test on list A 

Relearning on bat B 

Recognition test on 
llstC 


Group II 
Recognition test on 
list A 

Recall tost on 
list B 

Relearning on list C 


Group III 
Relearning on list A 

Recognition test on 
bst B 

Recall test on list C 



Note that all thicc measures of retention occui in all three ordeis 
Thus no method of measuiement gets moie practice or fatigue effect 
than any other when we combine the data foi analysis We pool the 
data simply by taking all the scores on recall together, those on 
lecognition togethei, and those on 'lelearmng together Rcmembei 
that the lists were equated before the mvestigation began 

As a general result, in analyzing the data from such an expeiiment, 
we would piobably find that methods of rneasuiing retention differed 
and that recognition produced highest scores, lelearning next highest, 
and lecall lowest In such an experiment the lists might be made up 
of different types of materials one list of related words, another of 
unrelated words, and the thud of nonsense syllables Oui retention 
testa would piobably then mdicate that the list ol i elated words la 
letamed best and the nonsense syllables least An additional question 
of interest \\ould then be whether there was considerable interaction 
between one of the lists and one of the mcasuies uf letention Foi 
example, wq might find that recalling the related words was lelatively 
a \eiy easy task, although lecall in geneial did not pioduce high scores 
This pioblem of intei action can be approached wuth proper experi- 
mental designs and is becoming an important aspect of experimentation 
in psychology [9] 

If the hsts of nonsense syllables were not equated m this exjreii- 
ment or if the lists were made up of different materials, a moio 
complicated experimental design would be needed, and we would 
probably have our groups of subjects do diffeient things A charac- 
tenstio to note in such a case as this is the possibility of interaction 
between a ceitain type of niateiial and a certain method of measiuing 
retention 

Notice that in the foiegomg experiment two independent xanables 
were involved and w^eie active m conjunction with one anothei This 
appears to contradict the statement made earlier to the effect that we 
employ only one independent variable at a time m an experiment 
Theie aic, how^evei, some new types of experimental designs based 
on concepts that differ rather radically from the classical ones as to 
the number of mquiiies that should be included in a single experiment 
In the newel experimental designs all the factors to be tested are 
varied concurrently in all possible combinations Such complicated 
expeiimental designs aic really extensions of the lotation method 
and aie based on a statistical method called analysis of vaiiance 
[9, 13] These techniques allow much gi eater efficiency than the classi- 
cal technique of the single independent variable 
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Artificial Characteristic of Experiments 

A meaningless ciiticism has fiequently been cliiectcd against oxpcii- 
mental methods as used in psychology This ciiticism is to the eftcct 
that real liuinaii behavioi, the kind of eveiydfij bchavioi that xvc 
wish to undeistand, occius oiit-sidc of laboi atones, and when it is 
studied in the laboiatory undei the usual conditions of iigid contiol 
and precise measui eraent, it is not the same behavioi This statement 
13 of comae quite tiuc, but the oxpcumcntah&t docs not take it as a 
serious criticism because he actively seeks foi stiingent and aitificial 
conditions, rather than attempting to avoid them and study ^klaily 
life” behavior as it occuis 

Because of the extieme vancty and complevity of bohavioi and of 
the forces which influence it, no one would be able to establish a 
science of behavioi by trying to study it undei “noimal” conditions 
Whenever wc begin a behavioi al mvestigation, noimal conditions do 
not exist because the measui emeiifc situation (even the interview situa- 
tion) is not **noimnl ” As stated near tho beginning of this cliaptci, 
scientific hypotheses aie necessanly quite limited in scope It is only 
by tlie piecemeal selection of a few vciy limited aspects of behavioi 
at a time and by carefully planned and intensive analysis of those 
limited aspects that successive investigations may allow us to coiistiuct 
a pictuie ol behavioi such that wc may undei stand it, describe it, 
predict it, and contiol it In all this work theie is an obvious enor 
of ji actionation, but the erioi is impoitant only when laboiatory 
conditions are mcoireotly thouglit of as couuteiparts of daily life 
activities 

Woodwoith [24] has stated an analogous situation in the histoiy of 
physics (the experimental techniques of which science are more easily 
"acceptable” to the layman) In ordei to test the law of falling bodies 
with adequate precision and control, objects of different mass aie 
diopped simultaneously in a vacuum The counteipart of this situa- 
tion would bo very unusual if it ocemred in natuie what is raoie 
"unnatural” than a vacuum? 

There are, of course, psychological methods of investigation which 
are not so rigorous noi quite so aitificial as cxpeiimentation The 
psychological investigator theiefoie must be acquainted with tho 
other techniques that may be applied to piobleras that temporal ily 
defy laboiatoiy expeiimeutation The second major class of psycho- 
logical methods of investigation is called differential, and these 
methods will be seen to meet more neaily some of the objections 
leveled at the experimental methods. 


16 



DIFFERENTIAL METHODS 


Non-expen mental Variables 

The cla^s of methods called diffeiential includes those systems of 
techniques ^hich employ individual diffeiences as vaiiables of inves- 
tigation An example of such use has aheady been desciibed on 
page 12 m tlie investigation of Simmons In such studies there 
usually IS no puiposive manipulation of the independent vaiiable, 
the invcstigatoi merely chooses his subjects accoiding to certain 
ciiteiia, and the measurements on the subjects themselves form the 
variable or vaiiables foi the investigation The ciiterion of selection 
of the subjects may become the independent variable foi an investi- 
gation (intelligence, in Simmons^ study), but it is to be noted that this 
vaiiable is not undei the full control of the investigator, to be varied 
up and down a given scale at ^ill and with full ficedom 

At first view the above differentiation between expenments and 
diffeiential methods may appeal quite artificial, and it is true that 
all psychologists will not agiee to such an apparently artificial 
classification scheme Nevertheless, it should always be made clear 
that the independent variables resulting fiom individual differences 
are never under the investigator contiol to the same degree that 
experimental variables are Also the scales aie different in kind 

Although the experimental methods aie more precise and the infer- 
ences made fiom the lesults of these methods have greater likelihood 
of validity and can be more easily verified, it cannot be said that they 
aio always moie desirable than the differential methods Experi- 
mental methods establish the model of objectivity for the other 
methods of psychological investigations, but experiments obviously 
cannot be devised for all the pioblems that are raised in the hetero- 
geneous subject mattei of psychology, as will bo seen in a perusal of 
the vaiious techniques described later in this book 


G^rrelational Methods 

It 18 easily seen that moat correlation studies in psychology fall 
into the class of differential methods The inajoi studies of intelli- 
gence and aptitudes (Chapter 17) and personality (Chaptei 18) and 
a large number of those on social behavioi (Chapter 22) are therefore 
classed as diffeiential investigations In these studies the psychologist 
takes people as they aie and studies what they do, usually without 
changing the conditions under which they lespond to the or 
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peifuiin the clesued tashs (If the conditions aie changed, the situa- 
tion becomes more like an evpenment) The subjects will natuially 
diftci lioin one aiiothei in then behavioi, and the investigatoi le 
usually seeking concomitant vanationb m othei ways in which they 
behave 

The impoitnnce ot this geneinl technique foi purposes of prediction 
can easily be seen fiom a few simple examples It is quite impoitant 
to be able to pi edict what kind of woik each person can do beet in 
Older to pioduce the most efficient matching of workers with jobs 
Attempts at solution of this pioblem aie handled mainly by conela- 
tional techniques, in which woikeis me lated in teims of success on 
the job, and these latings are conelated with a niimbei of test ecoies 
on the same woikeis Those tests that produce the highest cm rela- 
tions with the ratings of mciit aic then employed in the scieenmg of 
others foi the job m question Othei persons may now be given the 
same tests, and those who scoic liighest on them will be judged as 
having a higher likelihood of performing efficiently on the specified 
job More detailed desciiptions of this type of work with aptitude 
testa Will be found in Chnptei 17 

The fmegoing is an example of the use of coi relation piocediues 
in analyzing i elated scores, and the liteiatuie ot psychology contains 
thousands of published studies on these pioblema Another general 
type of application of the con elation method is diiected toward the 
iiatuie-nuifcure pioblem in psychology and involves studying pans of 
persons who are genetically related The sooio of one member of a pair 
is plotted against the scoie of the othei member, and this is repeated 
foi successive pans Most studies of this general soit indicate that m 
teims of intelligence test scores identical twins con elate quite highly 
(90), fiaternal twins less (70), and siblings still less (60), while 
lelatioHb as icmote as giandpaient-gianclchild coirelate hardly at all 
( 16) Such corielation studies as these on related pairs ai’e really 
quite inadequate because of the presence of anothei coi relating van- 
able similarity of enviionmental conditions dining early development 
The studies do, however, constitute examples of how correlational 
analyses aie applied foi the purpose of testing relations other than 
between one mental teat and anothei 


The Longitudinal and the Cross-sectional Approaches 

The problem of mental giowth is a good one to illustrate die differ- 
ential methods m studying concomitant vanationa In investigations 
on this pioblem mental progress, as measured by some type of test, 
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IS obseived and chaited Theie is no attempt on the pait of the 
investigator to alter the noimal course of de\elopment because it is 
the noimal trend that is to be discovered This geneial technique 
obviously 1 Rises an inipoitant issue, in which the investigator must 
choose whether to retest a group of individuals at successive ages, the 
longitudiTial approach^ or to test diffeient age groups at the same time, 
the cro88“sectional approach Each of these appioaches offers its 
own peculiai difficulties [1, 10] It is enough foi oiii pui poses heie 
raeiely to indicate the geneial natuie of the diffeiential technique in 
contrast to the expeiimental appioach The expciimental appioach 
has no way of giving infoimation on the general pioblem of mental 
giowth, although ceitam moic limited hypotheses conceinmg such 
giowth may be studied experimentally The issue in this case is that 
both age and mental ability go along without oui being able to do 
much direct manipulation of either of them The mvcstigatm mei ely 
takes things as they aie and determines the relationship between two 
specified natural phenomena In oidci to study the difference*? 
between males and females in teims of certain psychological oi 
physical traits, differential methods must also be applied We most 
ceitainly cannot expeiimentally vaiy the sex of the human subject 
The cross-sectional appioach has become an extremely important 
technique m an active demociatic society By its use deteiminations 
may be made of such phenomena as the moiale effects of certain gov- 
ernment policies, of electioneering effects, of food habits during critical 
shoitages. 


peneral Statistical Methods 

The differential methods have often been called statistical for the 
leason that statistical techniques become the majoi devices foi study- 
ing individual diffeiences This fact can be seen from a bnef listing 
of the moie impoitant characteiistics of statistical methods (a) 
efficiently desciibing masses of data in teims of lelatively few luunei-* 
ical expiessions, (fa) expiessing the lelationslups between variables, 
(c) allowmg the extensions of scientific infeiences to be tested undei 
conditions of mathematical exactness 
The commonly noted i elation betAveen differential methods and 
statistical techniques does not mean that statistics are not considered 
important tools to be applied in experimental methods The data 
that result from expeiiments aie expiessed in mathematical foim, 
and statistical analyses aie applied to these data in oidei to exhaust 
all the useful information fiom them It is also thiough statisti- 
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cal methuds that the most efficient expeiimental designs have been 
derived [8] 


CLINICAL METHODS 

The clinical methods have a diffeient fiame of reference from the 
experimental and diffeiential methods in psychology The woid clinic 
oiiginally lefeired to ^'something pei taming to a bed/^ and it has been 
extended to mean “directed toward the individual ” Whereas the 
expeiimental and difterential methods have been established to ascei- 
tain facts which transcend the individual case, the clinical methods 
aie directed less toward investigations of geneial behavioial facts and 
more towaid individual appraisal and adjustment 
No attempt will be made to elaboiate upon clinical niethods at this 
point because these techniques and then applications aie thoioughly 
desciibed in Chaptei 19 The leference to clinical methods in this 
introductoiy chaptei seives mainly to indicate a thud and impoitant 
geneial class of psychological methods 


ORGANIZATION OF THE CHAPTERS THAT FOLLOW 

The plan of organization of the chapteis in this book is fairly 
obvious and seems to lepresent a logical fonn The chapteis on 
acquiring behavior changes — Icainmg and thinking — covei the major 
types of investigation in these fields and indicate how the cential 
problems have been attacked by piopeily devised methods and 
techniques 

The next section of the book is devoted to the topics of reception 
Because of the psychological natme of measurement in scnsoiy 
and peiceptual lesearch, this section is introduced by a chapter on 
psychophysics The chapter on methods of studying peiceptual 
phenomena was placed next because of the excellent discussion of the 
methodological lelations between perception and sensation Fuithci- 
more, this chapter serves as a budge between the psychophysics and 
the psychophysiology of sensation 

The chapter on animal behavior lepresents a transition of subject 
matter It takes its present position because it serves as an mdicatoi 
of how the learning and reception techniques aie applied to lowei 
animals, and it introduces the topic of motivation at a lower level 
The next section, contaimng chapteis on motivation and emotion, 
recording action, neuiophysiological and other bodily functions, and 



motor functions and efficiency, discusses the methods of psychology 
which have been applied to solving the significant piobienis of lesponse 
mechanisms and tendencies 

The last section of the book is devoted to descriptions of the 
important metliods of studying individual differences m the more 
specialized domains of psychological investigation Heie the non- 
expeiimental methods of psychology aie seen m their important 
lelations to investigating and appiaismg various capacities and traits 
of people classified in different manners 


SUMMARY 

In this mtioduction we indicated some of the causes in the develop- 
ment of the scientific method and also some of the characteristic 
features of scientific method in the steps inteivening between investi- 
gation and tlicoiy A rathei ciude classification of psychological 
methods was made, and the more important features of each of the 
thiee typos were dcsciibed In experimental methods the charac- 
tcnstic featuiea of the independent and dependent vaiiables were 
discussed, and the diffeience between ^‘factorial” and “functionaV^ 
expel imentation was evaluated Some of the basic forms of psycho- 
logical expeuraents were analyzed as (1) the control-test method, 
(2) the control-group method, (3) the matched-pair method, (4) the 
piactice method, and (5) the lotatiou method 

Diffeiential methods weio characteiized by their dependence on 
individual differences foi the variables under investigation, and clinical 
methods by then individual- centeied interests Some of the inter- 
relationships between the diffeient classes of methods were shown, 
and it IS hoped that the student will become more and more aware 
of this chaiaoteristiG of interdependence among the psychological 
methods as he studies the topical chapters of this book 
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Chapter 2 


Conditioning and Motor Learning 

By W. JV. Kellogg' 


The ability to modify and improve its behavior with piactice is one 
of the greatest assets of the living organism In fact, life, aa we know 
it today, would be impossible if man— and othei animals— were unable 
to “benefit by experienced^ The manner in which the changes m 
behavior which w^e call leainmg take place is consequently of pnmaiy 
importance to the psychologist, and the scientific study of the piocess 
of leaimng is one ot the majoi divisions ot expeiiniental psychology 
Since new things aie likely to be discoveied only by accident or 
chance — unless one know^s befoichand just wheie and how to look tor 
them — it follows that the methods and proccdines foi levealing the 
facts of learning aie basic to an undeistanding of the process itself 


THE MOTOR LEARNING EXPERIMENT 
The Nature of Motor Learning 

A large part of the infoimation which we now possess about lenming 
ability has come from experiments on animals Rational learning, 
dealing as it does with verbal oi linguistic material, can be studied 
only in human subjects wdio aie capable of verbal bchavioi Motoi 
learning, oi peiceptual-motoi learning, howevei, since it confines itself 
to the learning of non-veibal tasks, can be observed not only in adult 
humans, but also in animals of almost any kind, in babies, and m other 
humans in which speaking or linguistic ability has not yet developed 
or for some othei leason is lacking Most of the lesearch on condi- 
tioning, although usually tieated as a field m itself, belongs piopeily 
under the heading of motor learning 

1 Professor of Psychology, Indiana University 
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Even though all learning is fundamentally the same, we nan think 
of inotoi learning, theiufoic, as somehow moie pi unary and elementary 
than lational leainmg It is broadci oi moie compichcnsive m that 
(o) it deals with any non-hngmstic task, and (b) it can be demon- 
strated m a variety of oiganisms In a way it imdeihes the study of 
other more complex psychological processes 


Preparation for the Learning Experiment 

Befoie any actual experimentation on learning is attempted in the 
laboiatoiy, the inotzvation of the subject oi subjects must be pio\ided 
foi The learning oiganism must bo given some leason for going to 
woik on the pioblem to be mastered An animal may be lewarded 
in hi8 solution of a problem in leaimng by food, if he has pieviously 
been made hungiy, oi by watci, if he has pieviously been made thiisty 
Or, tile apparatus may be heated, cooled, oi chaiged uith a ueak elec- 
tric cunent, and the organism can avoid those difficulties only by 
solving the problem and escaping the pimiahment 

In the human subject, tlie motive is likely to be a social one, althougli 
he can also be motivated by conciete incentives Candy is effective as 
a reward for young children, and money as a reward for adults The 
words *hight” or ^‘wrong^’ may be said by the expeninentei when the 
subject makes correct or incorrect i espouses Moie often, the social 
appioval of a task well done, and the social disapproval of a task 
pooily done, are sufficient without other special incentives ^ 

A fui'ther prerequisite to the study of learning is the mattei of 
preliminaiy adjustment or adaptation If one intends to obsoiwe the 
leaimng oiganism at its best, he must ceitamly piepaie it in some way 
for tlie task which lies ahead Adaptation foi the human subject 
consiata in explaining just what he is to do, and m pointing out the 
essential paits of the appaiatus oi equipment to be used In ordei 
to hold conditions eonatant foi all subjects, each may perhaps be 
lead or asked to lead a printed set of mstiuctions The subject can 
hardly be expected to start on a problem without some idea of the 
nature of the task 

The adaptation of the animal subject is by no means so easy and 
usually requires considerably more time Since verbal explanations 
ate out of the question, an efifoit is made to havo the oiganism 
familiarize liimself with the apparatus and the genoial situation by 
repeatedly bringing him into contact with them Once or more dajly, 
for several days before the learning experiment is begun, the subject 

For a more complete diecussion of this topio see Chapter 13 
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13 placed inside the c\penmental box oi othei ccjuipment and allowed 
time to lun around and explore it Thioughout these periods of 
initial adjustment he u not motivated as he will latei be dunng the 
piocesa of actually mastering the problem In thia way he should 
become well enough adapted to the new suiioundings to be willing to 
woik when piopeily motivated If some such method is not followed 
at the beginning, the rate of learning will be slower and less efficient 


Design of the Learning Experiment 

After these preliminary conditions have been satisfied, the learmng 
expenment itself can begin The general procedure of any such 
experiment is to observe and lecoid the activity of the subject while 
ho piactices the task he has been given to master In older to be 
capable of quantitative study, the leaimng task should be of such a 
nature that the speed or efficiency of pei forming it can be measured on 
every tiial The total nuinboi of tiials or repetitions which arc neces- 
saiy for masteiy will depend both on the nature of the task and on 
the ability of the subject If the task is difficult and a great many 
trials aie required to learn to perform it ekillfully, these trials may be 
regulaily spaced ovei a peiiod of days, weeks, oi even months, as the 
ease may be 

We should distinguish cleaily at this point between (a) the problem, 
task, or result which the subject accomplishes on every trial, and (b) 
the method or means by which he performs the task or achieves the 
result The foiraet is set by the natuie of the experiment It is the 
latter which gradually changes in the direction of greater efficiency 
as the subject learns, and which is obseived and recoided by the 
expel imenter 

The dependent variable in the leainmg expenment is therefoie the 
subject’s method of solving the problem or of perfoiming the learning 
task, measured m terms of his sooie per trial The independent 
variable is the number of tiials oi the stage of practice Until the 
subject has reached the limit of his ability, the more advanced tlie 
stage of practice, the better should be his skill in the solution of the 
problem, except for minor fluctuations 

When he has attained some pievlously determined level of skill or 
efficiency in his method of performing the task, the subject is said to 
have reached the entenon of inaatery The criterion of mastery 
may be in terms of the number of solutions within a given numbei 
of attempts, for example, four solutions m five consecutive trials 
Or, it may be in terms of time, such as ten consecutive solutions, 



all under one minute each The attaining of the criterion of mastery 
by all the subjects inaiks the completion of the laboiatory work on 
the cxperuiient The data are then leady to be analyzed and treated 
mathematically 


Equivalent Groups in the learning Experiment 

The meie deinonstiation of whethei a paiticular organism or class 
of organisms is capable of leai ning how to perform a given task is not, 
as a lule, the object of a learning expciiment Moie often the purpose 
15 to discovei the effect of some special condition upon the learning 
ability of the subject Foi example, one may wish to know how 
gieat an impioveraent iii the speed of learning will lesult from giving 
help, assistance, or guidance duiing the eaily trials Or one’s puipose 
may be to ascertain whethei a yeai of training in playing the piano 
will facilitate oi inhibit the subsequent learning of typewiiting 
Expel iments like these — and, in fact, many investigations in the field 
of learning — lequue the use of a control group as well as at least one 
expel imental gioup of subjects In oidcr to be certain that an incieaso 
or a deciease actually occurs, as well as to measure the extent of the 
inciease or decrease, it is necessary to have a standaid oi norm of 
perfoimance, such as the lato of leainmg without guidance or the rate 
of leainmg without previous piano playing, with which to compare 
the learning of the experimental subjects The lesults of different 
but equivalent groups — one learning undei nonnal or average condi- 
tions and the othei (or otlieis) learning undei special experimental 
conditions — are then directly compaiable. 


MAZE LB\RNING 
The Animal Spatial Maze 

Undoubtedly the most widely used device foi the study of motor 
learning is the spatial maze, oi labyrinth The typical maze has a 
starting point or entrance compartment, an exit point or goal com- 
partment, and from two to twenty blind alleys or cul-de-sacs The 
pioblem of mastering the maze is one of recognizing and avoiding the 
blmd alleys m which the subject may go astiay What the subject 
learns is how to get from one place (the entrance) to another place 
(the goal) in the shortest possible time and with the smallest number 
of unnecessary responses (blind-alley entrances) His method of 



getting fiom the enhance to the goal impioves upon successive trials 
by the giaclual elimination of the different alleys A large vanety of 
forms and patterns of mazes have been employed in experimental 
studies of motor leanimg See Fig 1 



Fig. 1. Modified Warden multIple-U stylus maze with six blind alleys. 

S U the ttartfng or onfrarK® comparlmenf, and G Hi® goal (Cf [42] Reprinted from J. Comp. 
Psydioi, 1935, 19, 124, by permlulon of Hie editor and pubihhert ) 


With lespeot to animals, spatial mazes fall naturally into the two 
general classes of enclosed and elevated An enclosed maze, as the 
name implies, has sidewalls and usually a covei of wiie mesh oi glass 
to prevent the organism from climbing out over the sides [43] The 
elevated maze has no sides or top but is raised from the flooi to such 
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a height that the animal ^Mll not jump off An donated maze can be 
made by cutting the design fioin a flat piece of sheetmetal and hanging 
it by rods from the ceiling Anothei uay to make an elevated maze 
IS to stand boaids on edge or on end Some mazes of this sort have 
true pathways and blind alleys suppoitcd by a senes of posts oi 
columns; not unlike the stanchions of a long bridge [29]. 


The Spatial Maze for Humans 

For human subjects the full-sized (enclosed) maze, although occa- 
sionally employed, gives no bettei lesults than the smallei stylus 
maze, the finger maze, oi the papei-and-pcncil maze, any one of which 
can be substituted foi it The stylus maze is essentially a slot cut in 
a piece of plywood oi a flat metal plate [42] The subject sits at a 
table 01 desk upon \\hich the maze is laid, places the stylus in the 
entrance oi staiting point at one end of the slot, and manipulates the 
stylus with his hand until he succeeds m finding the goal at the othei 
end of the slot Unless such a maze is veiy long and complex, it must 
be concealed in some way — eithci by a screen oi by blindfolding 
the subject — in older to force him to discovei and remembei the 
movements •which aie necessary to push the stylus along the true 
pathway 

The finger maze la like the stylus maze, except that the pathway 
IS raised rather than cut out of a flat sui face Such a maze can be 
made by fastening wno or small coppei tubing, which is bent in the 
Tight pattern, to a boaid No stylus oi othei accessoiy device la 
neeessaiy with the fingei maze The subject places the end 61 his 
index finger on the raised pathway and feels hia way along 

In tlia paper -and-pencil maze, the design is simply printed on a 
sheet of paper The subject must be given a new sheet or copy of 
the maze on eveiy tiial Obviously he cannot work blindfolded in 
this instance The pattern or pathway of the paper-and-pencil maze 
must therefore be considerably more complex than that of other human 
mazes If it is not, he will see at a glance where to move tho pencil 
and will not be presented with a genuine problem m learning* 

Conditions of Maze Learning 

Since maze learning is essentially place learning, oi the learning of 
the position of certain objects m space, the influences which contiibute 
to this learning have a bearing on similar learning of othei kinds 
Cues of whatever sort, both fiom inside and from outside the maze 



itself, aic likely to be seized upon by the subject if they can tell him 
anything about his location If a maze is rotated through 180 degiees 
so that the extra-maze stimuli now reach it fiom a difterent angle^ 
the animal subject is seiiouslv distmbed and makes moie errors on 
tnals immediately aftei the change than he did on trials be foie it 
[4, 40] Such cues ab the position of an electric light within the 
room may be important m the learning ot a particular direction 
[39] Removing a blight spot in the field of vision by covering a 
window, without in any way altenng the maze, may similarly affect 
peifoimance [4] 

Long befoic the subject has eliminated all the blind alleys, he 
seems to have developed a kind of orientation in the direction of the 
goal This IS shown by the fact that he tends to tuin toward the 
goal whenever the oppoHunity piesents itself As a result, the alleys 
which point goalwaid are cnteiecl moie fiequently than those which 
point away from the goal [37] The subject learns the general 
diiection in which he must go before he learns the details of the 
pathway 

The tendency to entei any particular blind alley may also be influ- 
enced by the shape of the poition of the maze which the subject has 
passed thiough before ainving at that alley If the oiganism has just 
made one oi more tuins to the left, the chances are that at the next 
choice point he will tuin to the light, somewhat as if he were thrown 
outward by the centrifugal force of the last pievious tuin Tins 
tendency, known as centrifugal swing^ furthei complicates the legulai 
elimination of eirors [1, 45] 

One theory of the ordei of eiimination of alleys in a maze is the 
goal gradient hypothesis of Hull [14] This view maintains that the 
filst alleys to be learned (ehminated) are those nearest the goal, and 
that the order of elimination of the remaining alleys proceeds 
backward fiom the goal to the entrance eorapartment'^v It has been 
clearly demonstrated, howevei, that not all mazes are learned in this 
mannei [42] 

Ideally, the alleys in a maze should be of ^^equal difficulty This 
means that they should all point in the same direction, should all be 
of the same length, and should all leave the true path\yay at the sapae 
angle Such requiiements are difficult to achieve m actual practice 
It IS neveitheless clear that modifications of maze designs produce 
maUy important effects on the rate of learning and that these modifica- 
tions can w^ell be used as methodological faotois in experimental 
studies of maze leammg 



OTHER MOTOR LEARNING TASKS 


Different Kinds of Pathways 



A case of learning to follow a pathway quite different from that of 
the spatial mazo is afforded by the so-called temporal maze The 
terapoial maze has no blind alleys, and the pathway is a continuous 

ciicuit without a beginning or an 
end In this lespect it is similar to a 
figuie 8 See Fig 2 There is a 
designated place where the subject 
must stait, and he may also end at 
the same place, le, the staiting 
point and tlie goal are usually one 
and the same In oi der to solve the 
problem the subject must go ovei 
the same portion or portions of the 
maze moie than once, in a certain 
predeteiinincd Older The essen* 
tial thing that he Icaina is the 
sequence or arrangement in which 
he must tiaveiae the parts 
Hunter [16, 17], who first used 
the tempoial maze, required that 
his laboiatory animals cover a 
pathway like a rectangulai figure 8 with squaie corners, by going 
Riound one half of the 8 twice and the other half of the 8 twice in the 
order llrrllnll Until an animal had learned this sequence, he had not 
mastered the problem The maze was therefoie called a temporal maze, 
and this particular pioblem the double-alte) nation problem It should 
be obvious that tasks of almost any degree of complexity can be set 
up with a temporal maze The difficulty depends upon the number of 
repetitions which the expenraentei lequiies for each half of the pat- 
tern and the order or sequence in which they haie to be run 


Fig, 2. The Hunter elevated tem- 
poral maze 

(FromW S Hunter Tho jeniory control of 
the maxe habit In the white rot J Genet, 
PtftMt, 1929, 36 f 577 Reprinted by per- 
iwlwlon of the editor ond publlihers ) 


' The Mtrror-drawing Task 

The mirror-drawing task is still another application of the problem 
of learning to follow a pathway, but with additional complications 
[36] In contrast to the alternation problem, which has been employed 
mostly with animals, the mirror-drawmg method can be used to study 
learning only with human subjects It la incidentally a task which is 
likely to prove particularly baffling to the neophyte As the problem 
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IS oidmaiily arianged, the subject is required to follow with a pencil 
a pathway made by two parallel lines m the shape of a six-pomted 
star A sraall screen prevents him fiom seeing, m direct vision, the 
star, the pencil, oi his hand He can view these only m indirect 
vision, through a mirror As a result, every movement he attempts 
IS reversed, and what appears at fiist to be ridiculously easy turns 
out to be a difficult and often an irritating task to learn The subject 
must break down his long-established visual-raotoi habits and move 
the pencil exactly the opposite from the accustomed responses he 
would make to such a visual stimulus 

Puzzle Solving 

Piactically any non-language task can be adapted to the scientific 
study of motor learning, piovided that the peifoimance of the subject 
fiom tiial to trial can be accurately measuied and recorded m some 
quantitative way Puzzles ol vaiious soits meet this requiieraent, 
since it IS always possible to measure the time necessaiy to solve a 
puzzle on any given attempt Animal puzzles, in the foim of the 
'problem box or puzzle box, have proved to be a favoiite device with 
many mvestigatois 

The method of the puzzle-box experiment is to place a hungiy animal 
inside a cage or box and to place food on the outside Or, the leward 
may be inside the box and the animal on the outside The subject 
must then get out of oi into the box in order to solve the problem 
The trick oi puzzle which it is necessary to leain may consist of 
imcoveimg a dooiway concealed beneath a pile of sawdust, pulling a 
stnng which opeiates a latch and opens a dooi, stepping on a little 
platform or on several platfoims m a certain sequence, pressing a 
lever, turning a knob, oi pushing against a vertical rod or pole As 
inhuman puzzle-solving, the quantitative data are the times of solution 
on the different trials 

The Skinner box, a modified veision of the tiaditional problem box, 
does not peimit the animal to escape at all [35] A little pellet of 
food IS automatically deliveied into the box each time the animal 
presses a levei Since each of the pellets is much too small to satisfy 
the subject^s hunger, he will learn to make a senes of repeated 
responses over a period of time What is measured in this instance is 
usually the rate of lesponding or the frequency of level pressing, rather 
than the time required for each individual response The Sbnner , 
procedure may be thought of as a technique which bridges the gap i 
between the pioblem-box method as originally devised and the classical 
conditioned-reflex method [49, p 107] 
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Special Human Problems 


Among the pioblems exclusively foi human subjects which are of 
value m the study of motoi learning aie tasks which develop accuiacy 
lu shooting 01 aiming Heie should bo classified archeiy, dait thi ow- 
ing, and tossing balls at a taigct In these cases the pciloimance of 
the subject is mcasuiable in teiins of the distance by which the missiles 
fail to hit the buirs-cye Impiovement in speed and accuiacy can 
be nicely ineasuied in the cai cl-soi ting cxpeiiinent, where the subject 
leains to aiiange cards into piles accoiding to a predcteimined ordei 
Leaining to juggle lubbei balls is similaily subject to quantitative 
study, as is the development of skill on the oi ^u)&uiU 

meter With the latter apparatus the subject follows some soit of a 
moving object, such as a swinging pendulum or a small spot on the 
surface of a rotating phonograph disk, with a pointei or stylus His 
eye-hand coordination will gradually impiove with piaotice, just as 
peiformance does in learning a maze 


SUDDEN OR IMMEDIATE MOTOR LEARNING 
The Umweg Method 

The methods of studying learning which have thus far been dis- 
cussed are often desciibed as methods of studying tnal-aud-error 
learning The subject works long and haid at the pioblein, usually 
making many mistakes, and achieves efficiency only thiough dogged 
persistence Theie is never any possibility of a quick oi immediate 
solution 

An entirely different sort of leaniing situation is one whose solution 
depends upon some principle oi method which the subject seeks to 
discovei After he has discovered the pimciple, he can solve the prob- 
lem or perfoim the task perfectly upon every attempt Before the 
discoveiy of the principle he may not be able to solve it at all Mas- 
teiing the pioblem consists in giaspmg the principle oi method upon 
which its solution depends Usually the understanding of this pnn- 
ciple dawns upon the learner suddenly, like a hunch, a blight idea, oi 
insight Whether a gi\en problem can be solved m this fashion 
depends primarily upon the nature of the problem itself, Generally 
speaking, complex tasks cannot be solved abruptly Easier tasks, if 
they are of the right soit, stand a gieatei chance of being solved by 
insight They must be suited, howevei, to the ability of the particular 
learning organism, whether animal or human 



One of the simplei methods foi the stud^ of sudden learning is the 
Vmweg oi detoui method The essential of this pioceduic is the 
placing of some soit of block oi baiiiei bct^^cen the subject and the 
goal he IS tiying to leaeh [25, 26] As a lesult, he can get to the goal 
only by going undei, ovci, oi aiound tlie baiiiei Ho must find some 
pieviously untried luundabout way to leaoh a place which was 
foimeily dnectly accessible to him It is a case of the longest way 
aiound being the shoitcst way home When the subject starts on 



Fig The plan of the detour experiment described in the text. 

The door b opwi (In poiltlon of broken Nnw) In tfio early triali but Is closud In laf«r critical trials 


his roundabout pathway, he may actually have to move in a diiection 
away from the goal In othei words, he goes toward the goal by 
starting to go away from it This is a difficult sort of response foi 
lowei organisms to make 

A detoui situation which woiks well vith a young baby is illustiated 
in Fig 3 The baby is allowed to pioceed dnectly from the staitmg 
point to the goal for seveial tiials He goes in a straight line through 
a small passageway which can later be blocked After he has com- 
pleted several such inns and has been appropi lately lewmrded, the 
door to the passageway 'is suddenly closed Now the only way to get 
from the starting point to the goal is by moving sideways from the 
dooiway, around the bainer If he solves the pioblem, he will proceed 
around the detoui at once If unable to solve it, he may stand still 
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and ciy In eatly “solutions ol the pioblem he is likely to go fiist to 
the door, which closes abiuptly betoie him, then to change dncction 
shaiply and cncle the bariiei in a wide arc In latei solutions his 
method is to a^oid the diiect pathway completely, whetliei it is closed 
01 open Instead, he will piocecd du ectly fiom the starting point 
aiound the detour by the shortest possible loute 
Such a task is stiictly a yes-oi-no type of pioblem It docs not lend 
itself to blind, vaiiable, oi clumsy solutions, like caily tiials m a 
maze As a consequence the solution m the detoui experiment comes 
all at once It is seldom if e\ei a giadual step-by-step piocess which 
slowly unpiovea in efficiency 


Multiple-choice Learning 

Another method foi the study of sudden learning, which is moie 
adaptable than the detour metliod, is tlie multiple-choice piocedure 
Witli this technique a numbei of learning pioblems of vaiying difficulty 
can bo set As oiiginnlly employed by Yorkes [ 60 ] with animals, 
the subject is piesentcd wnth a senes of stalls oi feeding boxes, any 
one of which he can entei The boxes aic aiianged in a stiaighfc 
line in fiont of him, with food contained m only one of the boxes The 
subject has to choose which box to cntci on any tiial If lie chooses 
the coriect box, he obtains the lewaid, it he entei s one of the mcoriect 
boxes, he is punished by a short period of confinement in the box 
which he has entered 

Different nuinbeis of boxes aie used on e'vcry tiial, but tlie coirect 
box foi any given pioblem can always be found by applying a piin- 
ciple which carries ovei fiom one tiial to the next If tlie pioblem 
set by the experimenter is to discover the pimciple of ^‘second-from- 
the-iight,” the food is always placed m the box second fiom the right 
end of the row of boxes piesented on each trial When rune boxes are 
put before the subject, the correct box is numbei eight, when six boxes 
are used, the coirect box is number five, and so on Anothei similai 
problem is to discovei the principle of middleness In this case odd 
numbers of boxes aie always used, and the food is placed in the middle 
box of the row on every tnal 

The multiple- choice metlrpd, as applied to humans, makes use of a 
more compact appaiatus, which the subject can manipulate from a 
laboratoiy desk oi table [ 61 ] The experimenter and the subject sit 
opposite one anothei and are sepaiated by a screen, which also conceals 
parts of the apparatus from the subject On the subject’s aide of the 
screen is a row of twelve keys or buttons, any one of which can be 



moved toward the subject by the cxpcumentei The keys which are 
pushed towaid the subject on any trial are the keys he is to use on 
tliat tiial Tt he pi esses the wrong key, a small electric light will 
signal that he has made an eiioi , if he pi esses the right key, a buzzer 
will sound His immediate task on each tiial is to find the key which 
will cause the buzzer to sound He lias not solved the problem, 
however, until he demonstiates that he has learned the pimciple or 
relationship w^hich applies to the vaiying numbers of keys presented 
on successive tiials 


SOME QUESTIONS AND RESULTS 
How Does the Organism Learn? 

Although it 18 the piovince of this chaptei to deal more especially 
with methods than with the lesults of experiments m motor learning, 
Tve should be making a mistake if, before leaving the tojiic, we did not 
coDsidei briefly some of the findings and conclusions which have giown 
out of the actual application of the methods Peihaps the major 
objective behind all scientific rescaich in the field of learning as to 
contribute to the unclei standing of the process of learning itself The 
conditions which retaid or accelerate the rate of leaining, the factors 
which are necessaiy for its successful completion, the older in which 
certain parts of a task aie masteied — these and other similar ques- 
tions can be answeied, at least m part, by the proper use of the 
expel imental methods already examined 
With what parts of the body does the organism actually leain? Does 
an animal, for example, find his way about a maze or pioblem box 
primarily by vision, or is the sense of smell or some other receptor of 
gi eater importance? As to the function of the difteicnt senses m maze 
learning, the answer, so fai as the white rat is conceuned, seems to be 
that lemovmg any one of them may reduce hie efficiency in the early 
trials This result holds for the elevated maze [13] In running 
the enclosed maze, however, rats which have been blinded perform 
about as well as normal rats [44] The organism appaiently uses 
whatever senses will fuimish directional cues of aid in discoveung the 
true pathway If it can learn little oi nothing about the problem 
through vision oi from the sense of smell, eliminating these senses 
produces no detrimental effect on the efficiency of learning 

What parts of the central nervous system are most necessary for 
motor learning? Studies of animals in which cortical and other brain 
centers have been experimentally lemoved and studies of the leaimng 
ability of human beings with brain lesions caused by disease or acci- 
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dent leave us vith the ronclusion that any majoi mutilation of the 
brain will i educe the eificicncy of leaining In gcneial, the gi eater 
the damage, the greater the logs of learning efficiency [27] In 
humans and in highei animah the most impuitant cortical centers foi 
the solution of ccitain kinds of pioblcms appeal to be the fiontal 
lobes [20, 24] E\cept for the sensoiy aieas essential to the mastery 
of a particulai task, damage to the othei lobes ot the corcbial coitex 
pioduces a less cleai-cut eftect 

On the 1 espouse side the student of learning is concerned witli the 
question of just what it is that is learned Docs motoi leaining, aftei 
all, consist in building up a senes ol specific mo\ements in a ceitain 
Older? Does the leainci impiove his method of solution by tiying 
out a variety of icsponscs — eliminating those that are unsuccessful 
and fixing those that aie successful — until he has developed a sequence 
of leactions wduch legulaily load him to the goal? Does the peifected 
method of solution, in othei w'oids, always make use of the same 
movements? Piesent theory is largely against such an inteipictation 
In a lecent examination of this question by Giithiic and TIoiton [8], 
however, the reactions of catb in a puijzio box woie automatically 
photogiaphed at the moment of then escape Results show^cd that 
individual animals tended to move ui lespond m the same way foi 
many consecutive escapes 

Of special mteiest in the study of learning is the dnect compaiison 
of animals with humans, by some method wducli is fan to both, foi 
example, the raasteiy of a spatial maze When two mazes of exactly 
the same pattern aie employed, one auanged for human subjects and 
another designed for the laboiatory rat, the results show remarkable 
similanty The human being is not head and shoulders above the 
animal, as one might guess without actually investigating the matter 
He makes not quite as many blmd-alley entiances, and the total time 
-he requires foi mastering the pioblem is shmter, but on the whole 
he is not as supeiior as we might like to think [9, 19] This finding 
again points to the basic natuie of the learning piocess and shows its 
similarity m different oiganisms 

Environmental Factors Affecting Learning 

What effect does changing the incentive have upon learning 
efficiency? Can anything be learned when there is no motivation 
at all? These are unpoitant methodological questions The answer 
to the first of these questions is that cliff eient soits of motivation 
markedly affect the rate of leaining Changing the food used as an 
incentive stimulus will produce diveigent results in the same animals, 
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Punishment as an incentive ina\ kail to a iliftcicnt lespon'-c fnnn that 
elicited by leward The oiganism can be too stiongly motivated — for 
example, it can be depiivcd of food foi too long a ])eiiod oi be given 
too stiong an electnc shock — to leain nith ma\imum efficiency, just 
as it can be too weakly motivated The late of learning and the 
degieo of motivation aie thus seen to be intimately i elated For 
additional lelations between motivation and learning, the reader is 
lefeired to Chaptei 13 

The answer to wdiethei it is possible to learn without any incentive 
IS also affirmative, although one can always raise the question, can 
any noimal organism ever be completely unmotivated? Expciiments 
which show' latent learning by Blodgett [2], Tolman and Honzik [38], 
and otheis piove definitely tliat the white rat discovers a great deal 
when placed in new suiioundmgs, even though it is given no definite 
incentive to go from one place to anothei in those siii roundings Yet 
w'hat it learns without a sjiecific mcentn c does nob come to light until 
the incentive stimulus is intioduced at a latei time The efficiency of 
actually lunning the maze, in otliei wotds, docs not impiove, because 
the subject lias no leason to impiove it When suddenly given a 
leason, however, the subject shows that lie has actuallj been learning 
duiing the previous non-motivatccl pciiod 

How do drugs, diet, and similai envii onraental factois affect learning 
ability? Will dietaiy deficiencies severe enough to stunt physical 
growth ictard learning? If a loss in the late of learning occurs, can 
it be coirectcd by subsequently letuinmg the deficient item to the 
diet? To what degree do known quantities of a depressing diug, like 
sodium amytal or alcohol, actually reduce mental efficiency? Will 
stimulating dings, like caffeine and bcnzediine, acceleiate the rate of 
learning, and, if so, to what degree? Not only do the answeis to such 
questions have a piactical value in education and in other fields, but 
they ai e also of gi eat scientific impoi tance 

It 18 appaient that the methods ot studjing motor leaining have a 
wide application, but it is cleai also that the undeistandmg ot a method 
18 a necessary pieicquisite to its pioper use None of these matteis 
could be investigated, noi any of the questions coirectly answeied, un- 
less the investigatoi had at his disposal adequate appaiatiis, a sufficient 
number of the right .soit of subjects, and a complete expeiiraental 
'design already worked out befoie he attempted to begin 

RECORDING THE PROGRESS IN LEARNING 

The standard proceduie for recording progress in teaming is by 
means of the learning curve This is a giaphic device for showing the 
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lelationship between repetitions^ (tiiah) and the pcifoimaiice of the 
subject The leaiinng curve is a method of plotting the data of the 
learning e\peiiment in conciete understandable ioim A piopeily 
diawn leainmg ciiive is thciofoie a pictiue oi diagram of the lesults 
of the learning pioccss itself The slope of the euive give^ the rate 
or speed at which the teaming takes place The curve foi any pai- 
ticulai task shows just whcie the learning is rapid and where it is 
slow It serves as a kind of gage which legisteis the improvement 
of the learner 

In the typical leainmg curve, the numbei of tnals (the independent 
vaiiable) is plotted on the abscissa, and the quantitative measuie of 
peifoimaiicc (the dependent vaiiable) on the oidinatc The measure 
of performance is the scoie, oi the raw score, for any given tiial It 
may be in teims of the time consumed per trial, the number of errors 
per trial, or some other meti'^iuc which indicates the efficiency of the 
subject^s method of attack upon the problem 


Curves of Decreasing Score 

Because of the supcifluous oi iinneccssaiy responses which the 
subject makes m the early trials of maze leainmg or puzzle solving, 
the time which it takes him to icach the goal of tlie maze oi to com- 
plete the solution of the puzzle is relatively long With temporary 
exceptions oi inegulautics, the time leaimiig ciave obtained in such 
instances drops rapidly at first and more slowly later, until it levels 
off m the final trials to remain appio\imately parallel to the abscissa, 
as shown m Tig 4, 

A decreasmg-score cuiwe can similaily be obtained when the 
efficiency of the subject is measured in terms of arbitral ily defined 
errois which can be counted and tabulated Eriors in maze running 
(blind-alley entrances) and in minor drawing (allowing the pencil 
or the stylus to touch eithei of the parallel lines of the star) yield 
decreasing scoies with practice In learning to juggle balls, the 
number of misses made by the subject m a fixed numbei of attempts 
can also be treated as errors When errors of this sort are plotted 
against tnals, the lesultmg e??o? learning ciiive has a contour similar 
to that of a time learning curve Theie is, however, this important 
diffeienoe the eiror score ultimately reduces to zero, whereas the time 
score cannot go below a certain minimum required to perform the task 

Still a third way of obtaining leaniing curves of decieasmg score 
IS in terms of distance. This method is best iJlustiatod by the animal 
spatial maze or the human stylus maze To obtain a distance 
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learning cwve in these case‘s, the length of the pathway traveised by 
the subject (or by the stylus) on each trial must be measured The 
distance wull be found to deciease \\itli the tune per tiiai and the 
elimination of blind alley^^ It giadually appioaclics a minimum, 
which IS the length of the tiue pathway oi the maze 
It the pioblem is of such a natuie that leaining by insight is possible, 
and if at the same time the progress m learning can be plotted m the 



Trial number 


Fig 4 Time learning curves for one control and two experimental groups 
obtained with the maze shown In Fig 1. 

Croup I Is Ihe conirol group Groups II end til karned the mazo under different experlmentol 
condition*. (Reprinted from J Comp Psycho!, 1935, 19, 133, by pormUdon of the editor and 
publiiherj ) 


form of a decreasmg-seme curve, then the "msight” will appear in 
the curve as a sudden dro]j from one level of peiformance to a much 
moie efficient one [34, 60] In solving a puzzle, for example, the 
subject may blundei through to a solution foi trial after tiial, without 
ever undeistandmg clearly how he accomplishes it Should the 
principle behind the method of solution suddenly dawn upon him, 
however, he may be able to reduce hia time on two consecutive trials 
fiom perhaps 10 minutes to less than 1 minute In such an instance 
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the giadiml appioach to the base line is icplaccd by an abrupt and 
immediate chop to a new level, whioh is theieaftci maintained 
The elimination of any single alley in a inaze-Ieaining cxpciiment 
often occuis in this iashion [28] Plotting the time spent in that alley 

alone on each tnal, \\ithout legaid 
loi the othei alleys, may show in 
the caily tuals that tlie subject 
spends considei able time lu it 
Finally he may “get the point'' con- 
ccining the alley and lecognize it 
cleaily as the wiong way to go on 
each tiial As a icsult he avoids it 
completely, and the time spent m 
the alleys diops immediately to 
zero, as shown in Fig 6 



Fig 5» Learning curve of the time 
spent in a single alley of a stylus 
maze, showing sudden drop char- 
acteristic of Insight 
(From J A McGooctii and H N Peters. 
An cill*or*ftono charocteristk: \n tho olfmlnatlon 
of errors during the learning of d stylui maze 
J Exper Piycho/, 1933, 16, 514 Reprinted 
by permtrtton of the editor and publUhen ) 


Curves of Increasing Score 


In a sense all cuivcs of decreas- 
ing score measnie the subject^s 
piogicss 111 leainmg what not to do 
They show how he impioves in 
efficiency thiough the elimination 
of suipliis or extraneous activity 
They locord efficiency by a piocess 
similai to subti action, and so they may be said to approach Icaining 
fiom the negative side 

Curves of inci easing score, on the other hand, show how the subjec]^ 
f learns what to do They lecord tlie acquisition of new responses, oi 
an inciease m the speed of old i espouses, which laise the leainer’s 
efficiency In general, they approach the pioblcm fiom the positive 
side, and so they may be thought of as measmmg learning by a process 
analogous to addition ^3] 

When the time per tiial is controlled or limited, the subject's 
improvement consists m completing moie and more of the material 
to be learned within the fixed time limit Undei these conditions the 
scoie will increase with practice Thus, in learning to typewiite, the 
learning score is usually the numbei of woids oi Jetteis which can be 
conectly typed pei minute The bettei the typist, the faster he can 
type, and tlie greater his efficiency will be A loarmng cuive of increas- 
ing scoie IS sometimes called an ainount learning cuive, since the 
learning is measmed in terms of the amount of work turned out by 
the subject on each tiial 
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In the decreasing-score situation^ on the othci hand, it is the task 
(oi amount of work) which is fixed The puzzle does not change 
flora trial to tnal, and the maze remains of the same length and 
difficulty The subject has a definite goal to leach in eacli instance 
Here efficiency is measuied eithei in time, oi in distance oi eiiuis, which 
aie the correlates of time Foi decieasing-scoie curves the task is 
fixed, and time (oi its correlates) is measuied Foi increasing-scoie 
cuives, the time is fixed, and the task (or amount of work) is measuied 

The Sigmoid Learning Curve 

Most non-insight learning curves, whether they are curves of 
mcreasing or decreasing scoie, are negatively accelerated The sub- 



Weeks of practice 

Fig, 6, Amount learning curves for the sending and receiving of telegraphic 

symbols. 

The flat or love) placai on the curvei are ploteaui, and the moxlmum efficiency beyond which 
the learner dost i>ot progress Is the phyilologkal limit (FromW L Bryan and N Harter Stvidlei 
In the physiology and the ptychology of the telegraphic language Psycho/ ftev, 1897, 4 , 49 
Reprinted by permission of the editor and pubilsheri ) 


ject begins learning at a fast rate, but hia rate of learning gradually 
decreases (the hne levels off horizontally) until finally he improves 
no furthei In more mathematical language, the cuive becomes 
asymptotic to a hoiizontal line The asymptote of an incieasing- 
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score cm ve la a honzontal line above it, the asymptote of a dcci easing- 
scoie cuive is the base Ime 

Some learning ciiives, howcvci, are not negatively ncceleiated 
thiouglioufc tlion cnfcne length but possess a kind of double inflection 
or S shape They have positive accelciation caily iii the Icaining, 
zeio acceleiation next, and negative acceleiation latei This would 
mean that an incieasing-scoie curve would start oft nearly jiaiallcl to 
the base line but would inciease m steepness oi slope as it piocceded 
It would subsequently stop tinning up^^aId and would piocced foi a 
short distance as an appioximately stiaight line with a constant slope 
rising fiom left to right Finally the slope \vould i educe as the cuivc 
took on a negative acceleiation and leveled off horizontally The 
cuives foi the learning of tclegiaphic symbols in Fig 6 show a slight 
tendency to be positively accclciatod at the beginning, although this 
IS not a veiy obvious tendency Cuives of Icaiumg obtained by the 
conch tioncd-icflox method aie quite fiequcntly found to be sigmoid in 
contour See Fig 12 

It has been aigued that the double-inflection sigmoid cuiwe is the 
true curve of learning, and that cuives ’which show negative acceleia- 
tion alone aic mcompicte m that they rcpiescnt only the latei stages 
of the leainmg process [5] The expeiimental subject has not i caily 
started at the zeio point of learning Tlic caily portion of the learning 
has aheady been completed by the subject befoic he undertakes the 
expel iment He brings with him picvious experience or training 
lelevant to the piesent problem, which enables him to start well up 
on the leainmg ciuve As a lesult the portion ol the curve which 
should show positive acceleiation has already passed and cannot 
appear again Wliethei this explanation is coirect is not a mattei to 
be decided here, although the final answei is of gieat importance foi 
the psychology of leainmg 

Vincent Curves 

It IS frequently desirable to combine oi average learning curves 
from several subjects so as to obtain a composite curve for the leani- 
mg of a single task Because different individuals lequiie diffeient 
numbers of trials to reach the cutenon of masteiy, however, this 
cannot be done duectly without mtioducing distoitions into the final 
curve* For example, if one subject takes 10 trials and i^nother 16 
trials to loam, averaging the learning scores trial for tiial must either 
leave out of account the final 6 trials of the subject who took 16 trials 
or else must include 6 extia trials which weie not requiied by the 
subject who learned m 10 trials, 



Tlie ‘solution of this difficulty is to stictch out the shoit learning 
cui^ves and shoiten the long ones by dividing each into equal units 
of its own length The effect is similar to conveitmg fi actions to a 
common clcnominatoi before adding them The Vincent method foi 
equating the lengths of learning cuives dnides each cuive, usually 
into tenths of its total length, and then averages these tenths [11, 18, 
41] Assumptions of the method are that eveiy trial is equivalent to 
eveiy othei tiial foi any given subject, and that the raw score for a 
trial IS evenly distiibuted thioughout that trial 

The Vincent method does not necessaiily requiie that learning 
cuives be converted into tenths ot then own length Fifths, twen- 
tieths, seventeenths, or any othei numbei of units will do just as well, 
provided all the curves to be aveiaged are divided into the same 
niimbei of units When many cuives aie combined, however, the 
tenth IS a convenient unit to use Aside from its aiithmetical advan- 
tages, it furnishes a veiy sati'^factory number of points for curve 
plotting It IS therefoic nioie commonly employed than any othei 
value 

The general method for transmuting raw' scoies into Vincent scores 
18 fiist to break up the tiials into the propei units and then to divide 
the raw scoies according to those units Criteiion tiials are not 
included in these calculations [11] The subject is presumed to have 
learned by the tunc he has attained the criteiion of mastery The 
entenon trials themselves aie simply tlie proof that he has actually 
completed the leaimng 

If a subject took 6 trials to reach the entenon of mastery, his curve 
would be converted into Vincent tenths by dividing the raw score for 
each trial into halves This w'ould furnish 10 values to plot instead 
of 5, each value being the law scoie foi half R trial It another subject 
leqiiired 15 trials to leain, each Vincent tenth W'ould include the raw 
score foi 1 5 trials The fiist Vincent tenth would be the sum of the 
raw scoie for trial 1, plus 0 5 of the iw score foi tiial 2 The second 
Vincent tenth would be the sum of the remaining 0 6 of the raw score 
for tiial 2, plus the raw score foi tiial 3, and so on If a subject 
learned in eight tiials, each Vincent tenth would take m 0 8 of the raw 
score pei trial If he learned in 31 trials, each Vincent tenth would 
include the raw scores of 3 1 trials 

In Table I aie raw eiroi scores foi two subjects who took 13 and 7 
trials respectively to mastei a stylus maze In Table II the Vincent 
tenths foi each of these subjects have been computed The 7-tiial 
series is lengthened and the 13-trial senes shortened to 10 umts, so 
that the two can be aveiaged into a single composite curve 



TABLE I 
Eiuiona per Trial 
(Raw Scores) 


Tnala 

1 

2 

3 

4 


0 

7 

8 

0 

10 

11 

12 

13 

Total 

Errors 

Subject A 

11 

M 

1 

8 

1 

i 

i 

i 

B 

B 

0 

M 

B 

67 

Subject B 

18 

1 

B 

2 

D 

i 

H 

B 

B 

B 

— 

B 

B 

Bfll 


TABLE II 
Vincent Tenths 


Tenth 

1 

2 

3 

4 


6 

7 

8 

9 


Total 

Errors 

Subject A 

14 6 



8 2 

8 1 

4 9 

1 7 

0 9 

1 4 

1 6 

67 0 





4 9 

01 





0 7 

41 0 

Total 

27 2 

23 8 

17 0 

13 1 

10 6 

6 1 

2 4 

2 2 

2 5 

2 3 


Average 




0 66 

6 25 

3 05 

1 20 



1 16 



THE CONDITIONED RESPONSE 
Salivary Conditioning 

Conditioning as a method for the study of learning was first 
employed extensively by the Russian physiologist, I P Pavlov [30] 
The response which he selected for observation was the salivai'y 
leflex in dogs A simple surgical operation moved the opening of 
the duct of the parotid salivary gland from the inside to the outside 
of the dog’s cheek, so that the flow of saliva could be seen and 
accurately measured The original or unconditioned stimulus which 
elicited the flow of saliva was, in most cases, food By presenting 
a neutral stimulus (for example, the ringing of a bell) along with the 
food for a number of trials, the bell or the conditioned stimulus 
eventually came to act as a substitute for the food and would cause 
the saliva to flow even though no food was given A connection or 
association had been established between the conditioned stimulus 
and the activity of the salivaiy gland. The flow of saliva now elicited 
by the bell was an entuely new response for that stimulus. This 
response was the conditioned sahvaiy leaponse or, moie simply, the 
salivary CR 
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Pavlov and his collaboratois found m different expenments that 
many things could be used as conditioned stimuli Whistles, lights, 
touching the dog’s flank, even mild electric shocks functioned aatis- 
factouly in this capacity Each of these and many moie, when com- 
bined with food foi a sufficient number of tiials, pioduced conditioned 
salivation If the food was peimanently lemoved after a CR had 
been built up, howevei, continued piesentation of the conditioned 
stimulus alone caused the CR gradually to die out The disappear- 
ance of a CR under these ciicumstances was called the ertinction oj 
the conditioned i espouse An extinguished response could be rapidly 
leconditioned by 'ieinjo)cing the conditioned with the unconditioned 
stimulus for a few tiials Even where no leinfoi cement with the 
unconditioned stimulus was given, a conditioned lesponse which had 
been extinguished could be called out at a later time, pnnided a 
sufficiently long rest mteival had been allowed to elapse after the 
extinction. The leappeaiance of a piexiou^ly extinguished CR in 
this way, without subsequent i einforcement, w^as called by Pavlov 
spontaneous 1 ecovery 

In applying the salivaiy conditioning teclmique to human subjects, 
two principal methods have been employed The fiist of these icquiies 
an especially shaped suction cup or saliometei, which fits ovei the 
opening of one of the salivary ducts inside the mouth and canies the 
saliva out of the mouth by means of a small tube [32] The second 
method makes use of rolls of dental cotton which are caie fully 
weighed and then placed under the subject’s tongue Aftei a CR 
has occurred, the cotton is removed and w^eighed again The difter- 
ence between the weights before and after the response indicates the 
amount of saliva which was secreted [33] The phenomena of extinc- 
tion, reconditioning, spontaneous lecovery, and so on, oiiginally dis- 
covered by Pavlov on dogs, aie all demonatiable in human subjects 
by one or both of these methods 


CondiHoning In Other Situations 

Although the facts of conditioning weie first wmrked out by means 
of the salivary leflex, they can also be demonstrated with many other 
reactions, both muscular and glandular, some of which aie not tiue 
reflexes m any sense of the woid [7, 12] The idea held by early 
workers that the basis of conditioning had to be an unlearned leflex 
has given way to the more general mteipretation tliat piactically any 
response can be conditioned to almost any stimulus The supplanting 
in psychological pailance of the narrower term ^‘conditioned reflex” 
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b> tlio moie comptchonsive tenn “conditioned i espouse” is n, duect 
expression of this change Laboratoiy methods have been developed 
not only foi the application of many kinds of conditioned stimuli, 
but also foi the study of numeious unconditioned stimulus-i espouse 
comlnuations as well 

A few of the i espouses which have been experimentally conditioned 
to new stimuli in human subjects aic winking the eye, opening the 
mouth, conti acting the pupil, the knee jcik oi patellai loflcx, lifting 
the iingci, a change in the lato of breathing, a change in the pitch of 
the voice, a change in the pulse late, the galvanic skin icflex, vaso- 
cousti iction, and vasodilation [7, 16] Moi cover, conditioning has 
been rlemonstrated in animals as low as the snail anti possibly lower 
[31] It has also been demon stiatcd m newborn babies [12, 32] 
Consideied as a kind of foi inula foi the process of association, condi- 
tioning has applications in timning of vaiiuus aoits, m education, and 
in eveiyday hfe [7] 


Fundamentals of the Conditioning Process 


The methodological icqimemcnts foi establishing a conditioned 
1 espouse are as follows 

1 Theie must exist at the atait an unconditioned S-R combination 
that w^orks — one that is dependable, peimanent, and not subject to 
extinction This combination may be a reflex, or it may just as well 
be a pieviously well leatned fi-I? iclationship 

2 Theie must then be paired with this combination in the pioper 
fashion an extianeous, neutial, oi conditioned stimulus which must 
theie after be legulaily presented with the unconditioned S and R 
The natural le^jjonse of the conditioned stimulus, if it possesses an 
obseivable lesponse, is in many cases ignoied by the expenmen ter m 
this situation as having no special beaimg upon the problem 

Aftei a sufficient numbci of tuals, i e , pan mgs of 
the conditioned stimulus with the unconditioned S-R 
combination, the conditioned BtimuJus by itself, with- 
*^ 2 '" out the aid of the unconditioned stimulus, will call 

forth a new response, the CU, with which it has never 
previously been associated. The CR may oi may not be similar to 
the unconditioned lespoiise 

The simplest scheme for diagramming this arrangement is the sub- 
stitute-stimulus diagiam above, where Si the unconditioned stimu- 
lus, S 2 the conditioned stimulus, and R = the lesponse It will be 
noted that such a scheme gives a tme pictme of conditioned learning 
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only when the CR is identical v>ith the unconditioned i espouse and 
when the learning consists m transf cuing the re'^ponse, wdiich lemains 
unchanged, from to S 2 

In many instances, however, it is clear that the conditioned 
lesponse can be clistinguished tioin the unconditioned le&ponsc in 
size, in temporal chaiacteristics, and in otliei unpoitant aspects The 
two soits of zeacting nioveinenCs may obviously be of a diftcrent 
natuie Under these cii cumstanccs a moic complete and aceuiate 
diagiam of the conditioning situation, which also takes account of 
the oiiginal or natuial leaction of the conditioned stimulus itself, is 
as follows. 


Si 



In the conditioning of the eyewmk, foi example, three sepaiate winks 
may occui on any given tiial, each one of which is distinct fiom the 
otheis [10] The original 01 unconchtiona) stimulus (5i) — a puff of 
air blown upon the coinea of the eye — will pioduce a full-sized uncon- 
ditioned blink (i?i) The conditioned stimulus (So), which is a beam 
of light diiected into the pupil, will also cause a smallei wink (722) 
If jS 2 18 presented <^hghtly befoie Si foi a sufficient number of trials, 
still a third wink, the CR, will appear There are then three responses 
occuning in older on any given tiial Roy the CR, and 7?i The CR 
IS the new and oiigmal element of the thiee and is an outgrowth of 
the conditioning situation alone It is the leained featuie of the 
entiie sequence The leader is referred to pages 616-621 foi the 
'riescnptioii of an application of the eye-wink conditioning technique 
Additional expenments, in w^hich 1 espouses other than the wink 
leflex have been conditioned, suggest that the exact foi in of the CR 
may depend upon the idiosynciasiea of the subject Although some 
subjects give a CR which is similar to the unconditioned reaction, 
others in the same situation respond wnth a conditioned movement 
wdnch is diffeient fiom the unconditioned response [21] It follows, 
therefoie, that neither the substitute-stimulus diaginm by itself noi 
the more complex diagram by itself can be used to lepresent all the 
possibilities of conditioning in a thoroughly adequate manner 
TJie substitute-stimulus dmgi am has the advantage of siznphoity 
It also has the advantage that it sets clown in concrete form the 
methodological essentials with which any expeiiment on conditioning 
must begin Although it does not tell the whole story, it is a con- 
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vement tool foi the undei standing of conditioning pioceduies Wo 
shall use it, theiefoie, thioughout the lemaindei of this chaptei to 
illustrate conditioning methods where it soems desnable to employ 
a diagram 


The Buzz-shock Method 

One CR which has been widely studied m the laboratory, both with 
human and with animal subjects, is the lifting or witluliawal of the 
fingei, hand, oi foot The usual unconditioned stimulus in this pio- 
cedurc is an electric shock, the conditioned stimulus most commonly 
employed is the sound of a buzzei When these two stimuli are used 
togethei, the method is known as the buzz-shock method If the 
Jilting 01 flexing of the entne limb is required, as with a dog or some 
other animal, the method is also called flexion conditioning [6, 46] 
It IS probable that moic compiehensive data have been secured in this 
piocediue with the dog as a laboratoiy subject than with any ofchei 
oiganism 

To obtain the best results in buzz-shock flexion conditioning, the 
animal is placed m a soundpioofed looin so that he will not be affected 
by unconti oiled or distracting stimuli See Figs 7, 8, 9, 10 He 
stands inside a wooden stock oi framewoik, which is built upon a 
Jaige table To each of his feet is fastened a balanced lecordmg 
lever Tambours and air tubes attached to these leveis permit the 
graphic lecordmg of the flexing oi stepping movements made by each 
of the dog’s feet The animarB respiration is similarly recorded by 
means of a pneumogiaph, and action potentials may also be obtained 
from the leg muscles or from othei parts of the body (These tech- 
niques of measuimg and recording action are described m Chaptei 14 ) 
The experimenter manipulates the apparatus and obtains the necessary 
lecords from outside the soundpioofed room, where he observes the 
subject through one-way-vision windows [22] 

The electric shock, which is of very short duration, is delivered 
through electrodes which are taped to the foot to be conditioned The 
shock causes the animal to make the unconditioned lesponse of flexing 
or withdrawing the shocked member The buzz usually starts about 
2 seconds befoie the shock and continues for 2 seconds, so that it ends 
simultaneously with the occurrence of the shock 

In the procedure of instrumental conditioning^ the dog can escape 
the shock by lifting his foot and holding it up at the time when the 
shock would normally occm A small mercury switch on the recording 
level automatically cuts out the shook when the dog tilts the lever. 
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Fig* 8, Method of recording the flexion responses and of delivering the 
(unconditioned) olectrloshock stimuli 

l U balancfld lev*r, to which a tambour ft connected for rocordlng mov»m®nt or toot llfti 
Tho wlr«, W, dollvar the unconditioned sttmull to the dog** foot beneath the bandage / and A are 
electrode* for recording actkm }K>tenHaIi (Reprinted from J Expw P*ychof| 1939, 24, 324, by 
permlsilon of the editor end publbhert*} 




Fig. 10, Racords obtained, through tambours, In the conditioning of the 
right rear foot by the buzz-shock method 


Thff Ifrwi on kynrogroph ore (fop to hoihm) wpfrcrtto/t, rttpoojo Ito* for fmnf /oof, 
ros porno Hno for right front foot, responM Iha for loft roor foot, roiponjo lli>e for right roar foot 
(the mombor to bo condfHonod), bra, ihock, and tlmo 




In tiaditional oi classical coiidihonmgj the animal cannot escape the 
shock even though he lifts his foot Conti ol tnals in ^hich the buzz 
alone is presented may occasionally be introduced as a check on tiie 
pi ogress of learning By either the instrumental oi the clagsical 
proceduie, however^ the subject will learn to laise his foot to the sound 
ot the buzz Sec Fig 11 



Fig 11 Combination conditioned and unconditioned response line obtained 
in buzz-shock flexion conditioning 

Th« ampllhidft of the conditioned resporue U the dUfanc* XY The totency of the CR 1$ measured 
from A to t, ond the duratbn of the combined conditioned unconditioned movement Is 1C fl Indlqatei 
the onset of the shock In the trial diagrammed, the sub[oct did not escape the unconditioned 
itlmului That portion of the octivlty line above the lino X Ii therefore Iho uncondIHonod floxlon 
reaction to the shock, which ff luperlmpoied upon the CR The duration of the CR atone cannot, as 
a result, be measured In this Instance (Reprinted from J fxper Psycho/, 1939, 24, 326, by per 
mission of the editor and publishers ) 


With a method such as this, which records each separate movement 
or reaction, gieat precision is possible The de\elopment of the con- 
ditioned i espouse can be measured in at least six ways [22] 

1 By the amplitude oi height of the lift which occurs to the buzz 
Amplitude is found to inciease gxadually as the number of tiials 

51 




mcl eases If plotted against tiials, the amplitude will give a leaining 
01 conditioning cuive 

2 By the fiequency with which the CR occurs within a fixed 
nuinbei of trials In the fiist 20 trials there may be only one CR, 
which would give a frequency acoie of 1/20 or 5 pei cent In trials 
180-200 there may occiii 20 CRs, lor a frequency scoic of 20/20 oi 100 
pel cent Like the amplitude, the liequency giadually increases 
with piactice and can be plotted as a fiequency learning curve 

3 By the latency of the CR This is the time elapsing between 
the beginning of the conditioned stimulus and the beginning of the 
conditioned icsponse The latency may oi may not change with 
practice 

4 By the contour or foim of the CR 

5 By the duiation oi length of the CR 

6 By the late of extinction of the CR 


VARIATIONS OF THE CONDITIONING EXPERIMENT 
Time Factors in Conditioning 

Whether the conditioned stimulus comes befoic, exactly at the same 
time as, or aftei the unconditioned stimulus is a matter which will 
influence the results These three temporal airangementa of pre- 
senting the two stimuli are the foiwaid, simultaneous, and backward 
conditioning techniques There can be no question but that the labor- 
atory method most favorable for developing a CR is the forwaid 
technique. Simultaneous conditioning is not as satisfactory, and 
backward conditioning, althougli it seems to be possible, produces the 
poorest result of any of the methods [47, 48] 

In Pavlov’s laboratory the inteiwal between the presentation of 
the conditioned stimulus and the piesentation of the unconditioned 
stimulus was extended by two varieties of forward conditioning 
known as delayed and trace conditioning In delayed conditioning 
the conditioned stimulus is piesented continuously for a long time, 
often for many minutes At the end of this period, but while the 
conditioned stimulus is still being presented, the food is given. When 
the CR IS finally established, the salivary response will not occur 
until just before the time for the food to be presented The animal, 
in effect, holds back oi delays responding to the conditioned stimulus 
until the propel time interval has elapsed 
Even more unusual is the trace CR In this case tlie conditioned 
stimulus does not continue until the unconditioned stimulus is pre- 



sented, it ends befoie the food is given The sequence is 

Conditioned stimulus — > Time interval Unconditioned stimulus 

Pavlov reported that in some instances of trace conditioning the 
interval between the occunence of the two stimuli could be lengthened 
to half an houi During early tiials false lesponses weie made, i e , the 
saliva started flowing too soon When the trace CR was firmly estab- 
lished, however, there was no saliva until the piopei peiiod of waiting 
had passed 


The Method of Contrasts 

By means of the conditioning procedure the limits and accuracy 
of hearing, vision, and the other senses can be determined Salivaiy 
conditioning and buzz-shock conditioning, as well as othei condition- 
ing techniques, have been used foi this purpose If, for example, one 
wishes to find the upper limit of heaiing in the dog, he can fiist tram 
an animal to flex Ins leg to a conditioned tone well within the range of 
hearing — let us say a tone of 1000 cycles per second After the CR 
has become established, the conditioned stimulus may be gradually 
laised m pitch until a point is i cached where it no longer produces the 
lifting of {ihe foot The conditioned stimulus at that point is at or just 
above the upper limit of hearing for the subject [30] 

For measuring the differential limen, the method of contrasts, other- 
wise known as differential conditioning, is used This requires two 
conditioning situations which ore contrasted or differentiated from 
one another Suppose that the problem is to find the smallest differ- 
ence m the pitch of two tones which the organism can just distinguish 
The first step, as in finding the upper limen, is to set up a regular CR 
to a basic or standard tone, which we may assume again to be 1000 
cycles per second This is called a positive CR The second step is 
to present the comparative tone lepeatedly, but without ever reinforc- 
ing it or pairing it with the unconditioned shock At the start it is 
well to have the comparative stimulus an octave or more higher than 
the standard The first presentations of the comparative tone will 
elicit conditioned flexion responses, but if these are never reinforced 
they will soon be extinguished There will thus be established a 
negative CR Tlie remfoieing of one stimulus, but nevei the other, 
enables the organism easily to distmguish between the two 

To diagram this method, let Sj — the shock, S 2 = the standard 
tone of 1000 cycles per second, Ss “ the higher comparison tone, 
(-fJ2) " the response of lifting the foot, and ( — R) - not lifting 
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the loot The symbol 0 will indicate the fact that no reinfoitcmoni 
(no Si) IS given in the case of the negative CR The aiiangement 
foi the method of contrasts will then appeal as follows^ 


Positive CR Negative CR 

St 0 -^{-R) 

Sr 53--- 

The final step in the pioceduie is to bung the comparative stimulus 
down in pitch until it appi caches closei and closci to the standard 
When the subject begins again to make indisciiminatc conditioned 
lifts to each of the tones, the two stimuli are equivalent foz him The 
point at which they are just baiely distinguishable is the difteiential 
hmen, oi the smallest difference in pitch which the subject can diftci- 
entiate A moie detailed descuption of the natiue and measurement 
of sensory thresholds will be found in Chapter 6 


Inhibition and Dismhibition 

Pavlov IS responsible foi the conception that a nogativo conditioning 
situation like that employed in the method of contiasts is one in which 
the oiganism learns to hold back oi inhibit liis lesponses The extinc- 
tion of the CR is therefoie not to be thought of as a passive piocess 
like forgetting, but lathei like the budding up of lestraming tensions 
The evidence that the inhibition is an active pioccss lies in the destroy- 
ing 01 breaking down of the inhibition b> disti acting stimuli After 
a lesponse has been extinguished, foi example, some disturbing noise 
like the slainmmg of a dooi may cause it to retuin This has been 
called dismhibition, or the inhibition of an inhibition The exteinal 
stimulus (sound of dooi slammmg) destioys or bieaks down the 
mteinal inhibition of the subject Anothei case of internal inhibition 
which may be affected by distracting stimuli is the holding back of 
the CR in delayed and trace conditioning, wheie a distobing stimulus 
will cause the saliva to flow befoie the piopei inteival of tune has 
elapsed [12, 16] 


Higher-order Conditioning 

Xf conditiomng is simply the process of association tianslated into 
the more objective laboratory concepts of stimulus and i espouse, it 
must have univeraal application Experiments on higher -oidei con- 
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clitionmg ha\e indeed attempted to demonstiate the univenaiity of 
the piocess by showing how learning can be built upon learning [ 30 , 
32 ] In higher-oidei conditioning, a sciies of conditioning situations 
follow one anothei accoiding to the following plan 

Rrst Order Second Order Third Order 

5i —R Sa S 3 

Let the symbols in this scheme have these meanings Si — shock, 

52 ^ buzz, S3 *=- light, S4 touch, R * lifting the foot Then, m 

fiist-ordei conditioning, a CR is established to the buzz In second- 
01 del conditioning the buzz sequence developed m the first 

ordei is used as the unconditioned combination, and a light (S^) is the 
conditioned btimulus When has been establi‘-hcd as a second- 
01 del CR, a touch (S4) is used as the conditioned stimulus for a 
tliiid-oidei CR It is theoretically possible, by extending this method, 
to cstabli^^li CRs to any dcsiied order 

Most expenments on highei-oidei conditioning have neveilheless 
bi olcen down because of the 2)henomenon of extinction When the 
shock (Si) IS eliminated fiom the second and higher oidcrs, the lein- 
forcing or motivating agent is also lemoved The pairing of S2-R with 

53 results in the extinction of the response to S2 befoie much piogiess 
can be made m associating Sq with R Fiom lesults of this sort it 
has been argued that conditioning is not, aftei all, the universal 
phenomenon it was thought to be 

A seiious eiroi in such reasoning has been pointed out in experi- 
ments by Finch and Cullei [6], in which it appeared that conditioning 
to any desired oidei was possible, provided the motivating influence 
was left m the experiment This result w^as accomplished by having 
dogs shocked on the flank if they did not lift the foot To avoid an 
electric shock m the side they theiefoze had to raise the foot on every 
trial Whenever a subject failed to make a flexion 1 espouse, the shock 
automatically prodded him to action Undei these ciicumstances 
there was no special difficulty in pairing Sg with S2-Rj with S^-R, 
and so on 


THE RELATION OF CONDITIONING TO OTHER LEARNING 

In view of the established fact that motivation is necessary for 
efficient learning of all sorta it seems smpnsmg that anyone ever 
supposed that conditioning could occui without it The first lequire- 
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inent foi establishing a CR, it will be lecallcd, ia an (unconditioned) 
8~R situation that works Theie must be something to force the 
1 espouse to occui, oi, in other woids, the response must be motivated 
It must be motivated by an eJectiic shock, it must be motivated by 
giving a himgiy dog food, oi it must be motivated in some othei way 
One of the common bonds which ties conditioning to olhei leaining 
18 , in fact, Uic necessity for motivation in learning of both kinds 

Anothei similaiity between conditioned and non-conditioned learn- 
ing IS that the oiganism follows the pattein of making unnecessaiy 
and useless i espouses first and of eliminating these as training pro- 
ceeds One aspect of this trend which emphasizes the presentation 
of diffeient stimuli has been desciibed in conditioning experiments 
as sensory genet alization or as stimulus genet alization [7, 12] This 
means that, when a CR is built up, it is not at fiist specific to a single 
stimulus The oiganism can be “tiieked" into making tlie same CR 
to other similar stimuli Only after continued reinforcement of the 
tight stimulus and non-reinforcemenfc of the wiong ones does the 
response becomo definitely associated with the conditioned stimulus 
alone 

Sensory generalization is exactly the phenomenon which appears 
in the method of contrasts Tiic lesponse is first generalized to tlie 
(highei) compaiative stimulus It becomes specific to the standard 
stimulus by motivating (leinfoioing) it in the one case, but not in 
the othei 

Sensoiy geneiahzation is the making of the same response to differ- 
ent stimuli, motor 01 tesponse genet ahzation is the making of diffeient 
responses to the same stimulus [46] During the early trials of 
buzz-shock flexion conditioning the animal makes many superfluous 
foot-lifts Even though the shock is sent to only one of the feet, 
for example, the light rear, ho will lift tlie other three feet also m 
response to the buzz, As he becomes better conditioned, however, 
he flexes more often the membei which is shocked and moves the 
otlier feet less and less The generalized behaviol' which existed at 
the start of tiainmg tends to drop out 


Conditioning and Trial-and-error Learning 

The responses of lifting the non-shocked feet are the "errors’’ of the 
conditionmg expeiiment. They are just as much errors as entering a 
blind alley in a maze. In eliminating these responses the subject 
leaina what not to do in lifting the shocked foot more frequently to 
the conditioned stimulus he learns what to do. 
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The lelationship between conditioning and tiial-and'Ciroi leaining 
can be graphically shown by fiequency cuiwes plotted from the activity 
of all foul feet in the buzz-shock conditioning situation [46] See 
Fig 12 Erioi curves which tend to deciease in fiequency aie 
obtained fiom the non-shocked feet A typical amount-conditioning 



Fig 12, Frequ8ncy<ondlHoning curves obtained by plotting the CRs (lifts to 
the buzz) made by six dogs m buzz-shock flexion conditioning 
W, IR, RF, and If rapreunt the right reor, left reor, right front, and left front feef, respectively 
The lifli of the right rear foot are correct retponsej, and the Itfti of the three non-shocked feet or® 
errors The lifts of the non shocked feet (especially Hie front feet) tend to decrease with practice^ 
like errors mode In learning a maie The CR» of the right rear foot Inaeose In a mildly sigmoid 
manner The brook In the oirves at 200 trials represents a rest Interval of 2 weeks. (From I S 
Wolf and W N Kellogg Changes In general beftavlor during flexion conditioning and their 
Importance for the Jeoming process ^mer J Psycho/, 1940, 53, 390 Reprinted by permission 
of the editor and publishers ) 


cuive, with Bigmoid characteristics, can be obtained from the same 
subjects, in the same experiment, at the same time, if only the activity 
of the shocked member is considered It would seem ns though 
whether one finds tiial-and-erioi leaining or typical conditioning 
must depend to a large extent upon what he is looking foi and upon 
what part of the activity of the subject he measures 


Conditioning and Learning by Insight 

What then is the lelationship between conditioning and learning by 
insight? Are not these two, at least, distinct and iireconcilable varie- 
ties of learning? An answer to this question can again be found in 
the expenment on buzz-shock flexion conditionmg [23] Sometimes 
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the oi^j,nnisin eliminates his eiiois all at once m this experiment The 
responses of the noii-shocked feet diop immediately to zcio (oi nearly 
to zeiu) within a vciy few tiials The ficquency cuive obtained 
undei these circumstances has the same chai actenstics as curves of 
learning by insight which aic made by human subjects See Fig 
13 Insight 18 appniently possible, thcrcloie, even m conditioning 
the expel mionts 



Fig 13* "Insight** learning curves In the buzz-shock flexion conditioning of 

dogs 

The ilffi of Iti® noo-fhoeffed fear (Uif RF, and IF) drop ouf suddenly, while fha frequancy of fho 
shocked foot (RR) b molrttotned (Profn W N, Kellogg and I S Wolf ‘^Hypothadi’’ and **ratidom 
octivlly" during ihe condlHonlng of dog* J fxper Paydtol, 1940, 2d, 597 Reprinted by per 
mlislon of the editor and publisher* ) 


The conclusion ot the whole matter appears to be this’ Motor 
learning of all sorts, both simple and complex, is similar Different 
“kinds" of leaining, as discietc and separate entities, probably do not 
exist The “kind" of leainmg which the experimenter finds depends 
on the natuie of the pioblem which he sets, on what ho is looking for, 
and on what aspects of the subject’s activity he chooses to observe, 
Prom the point of view of experimental psychology, conditioning is 
not 80 much a kind of learning ae it is a basic laboratory technique 
for the study of the loaramg piocess It is a ynethod which specialises 
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in the analysis of small, definable units, like specific movements to 
specific stimuli, rather than m gioss oi geneialized behavioi 


SUMMARY 

Since motor learning deals only with non-verbal tasks, it can be 
studied in animals, in infants, and in othei instances wdieie linguistic 
material cannot be employed In a way, motoi learning is theicfoie 
fundamental to the study of lational learning and to othei moie 
complex psychological piocesscs To conduct an expciiment in motoi 
learning the experimentei sets the subject some piobleni oi task to 
master and observes and mcasuies the unprovcment m the subject's 
method of perfoiming the task upon successive tiials The dependent 
variable in such an experiment is the subject's performance The 
independent vanable is the numbei of tiials oi the degree of tiaining 
Undoubtedly the most widely used of all devices foi the study of 
motor leaimng is the spatial maze, which has a vaiiety of foims, from 
the elevated maze foi animal subjects to the paper-and-pencil maze 
foi humans Othei devices include miiioi (hawing, tossing balls at 
a target, and the pui suit-meter Tasks like these, which require the 
slow or giadual development of a skill for then masteiy, me to be 
contrasted with tasks m which the learning consists of the discoveiy 
of some general piinciple In the latter instance the coirect method 
of solution may dawn upon the learnei suddenly, like a hunch oi 
bright idea The Vmweg or detoui expeiiment, m which the subject 
must find his way aiound a baiiier, and the mutiple-choice procedure 
are techniques for the study of insight learning of this sort 
Tor recoidmg progiess in a leammg experiment, the standard 
method is by means of the learning curve, a giaphical device for 
showing the relationship between tnals and performance Curves of 
deci easing acoie, like time and error curves, take special account of 
the subject’s eaily mistakes They may be thought of as according 
the subject's improvement in learning what not to do Cmves of 
increasing score, on the other hand, show more clearly how the subject 
improves in learning what to do Most learning cuives, both increas- 
ing and decreasing m score, have been found to be negatively acceler- 
ated The sigmoid curve, which may be the tiue or absolute curve 
of learning, however, has both positive and negative acceleration 
The Vincent method, a technique for equating curves of vaiying 
length, is employed for combining the leaimng curves of diffeient 
subjects into a single composite cuxve 

Although conditioning was first extensively studied by melons of 
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the salivRjy lellcx and was called by Pavlov the conditioned leflcx, it 
has faince been pioduccd with a vauety of i espouses, many of which 
aie not true reflexes in any sense of the word It is essentially the 
piocess of association expiessed in the moie objective laboiatory con- 
cepts of stimulus and i espouse The fundamentals of the method 
consist of two steps (1) theie must exist an unconditioned S-R situa- 
tion that w'oiks, (2) thcie must be legulaily paiicd with this in the 
propel mannci a neiitial oi conditioned stimulus Forwaid condition- 
ing, in which the conditioned stimulus piecedcs the unconditioned 
stimulus, has been found to be moie efficient than simultaneous oi 
backwaid conditioning 

The conditioning technique can be used to measuie both absolute 
and difterential thiesholds In highei-oidei conditioning, conditioned 
responses can also be built upon already existing GRs, piovided that 
motivation is maintained Fiom the point of view of experimental 
psychology, conditioning is best thought of as a laboiatoiy procedure 
for the study of leaining problems of all soits, lathei than as a 
or category of Icaining to bo sharply chffeiontiatcd fioin maze Jearning, 
insightful leaimng, or any other leninmg It is a method which em- 
phasizes a few specific stimuli and which usually deals with the 
minute analysis of a single movement oi i espouse, rather than with 
gioss or geneiahzed behavioi 
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Chapter 3 


Studying Memory and Transfer 

Claude E. Buxton 


This chapter is concerned with the metliods of studying only one 
kind of leaining piocees, memoi using, and with the means wheieby we 
meaBure retention and utilization of what is inomonzed The dis- 
tinguishing featuie of a mcmoiiznig task is that lesponses aie ^^preaet’^ 
m then nature oi pattern, usually by the envuonment That is, 
certain i espouses must be maetoiccl, but just which ones and in what 
01 del aie alieady more oi less aibitraiily defined for the Icarnei In 
memoiizing the Gettysbuig address, certain woids must bo learned, 
and no others, they must be learned m a ccitain preset pattern or 
ordei Tlicre is no need to solve a problem or to decide which 
1 espouses should be made oi to discovei in what order they should 
be made 

Pei haps the most significant kind of memoiizing is that involving 
language More than other species, man is able to lepresent, and 
thereby deal with, the present, the past, and the future by means of 
words or othei symbols Education and socialization are to a laige 
extent processes by which the gi owing child learns to use language in 
his thinking and m his momentary relationships with otliei people 
Voibal-learnmg phenomena, however, are as complex as tJiey aie 
important, and the difficulties of expeiimental control in this aiea are 
gieat, Such facts justify our placing primary emphasis upon verbal 
learning in fulfilling our geneial purpose of surveying the typical 
methodologies of studies of memoiizing, retention, and transfer* 


Relationships between Learning and Forgetting 

We can nevei study a learning piocess without due regard for its 
conveise, forgetting, for the simple reason that they aie always con- 

1 Associate Profeasor of Psycliology, Northwestern University* 
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cunent processes Leaining, whethei liaphazaid or systematic, occurs 
as a lesult of experience, but while this expeiience occuis, forgettmg 
18 also going on Anyone who has tried to meinonze a lengthy poem, 
the names of people at a paity, oi the successive loute numbers across 
an automobile road map, has been made awaie ot the way in which 
items masteied momentarily can slip away, only to be lecovered in 
memory by fuithei lefeience to the original material 

There is a similauty and theie is also a diffcience m the way learning 
and foigettmg are^studied cxpeiimentally The similaiity is that both 
are indexed as a i elation between two or moic recoided performances 
by the individual An initial lecoid is necessary as a leference point, 
an indicatoi of how the subject behaved at a ceitain time oi befoie 
ceitain expeiiences Tlie latei recoid tells us how much he has 
changed, whether in the diiection we call learning or the direction 
we call forgettmg The most probable state of affaiia is that this 
latei recoid, if sufficiently detailed, will indicate some changes of 
each kind 

The experimental difjeience between learning and forgettmg is often 
said to be that measuies of peifoimance during, oi lelative to, practice 
are measures of learning, wheieas measuies of foigettmg or retention 
are taken after an mter\ ening time oi experience Such a convention 
can lead to confusion if followed too liteiatly This is sometimes true 
in studying verbal leaining, because the subject may study or piactice 
qmetly for some fixed peiiod and then wnte ox recite what he knows 
It IS only when his actions aie outwaidly obsciwable that any index 
of performance can be lecorded, and m this case one could argue 
equally well that the index is one of either retention or learning To 
resolve this difficulty we shall simply ask always Does the index of 
perfoimance indicate the acquisition of responses (learning), or the 
weakening or disappeaiance of lesponse tendencies (foigettmg)? 
Wlien a ceitam expeiiment deals mainly with the period of lesponse 
acquisition, it is a study of learning, when it deals mainly with the 
period of response disappearance, it is a study of retention or 
forgettmg 


Interrelationships among Learning, Retention, and Transfer 

^How we learn now is piesumably always affected by what we have 
learned previonsly, and this fact \ve lefei to as transfer of learning 
The amount of tranafei may be quite small at times, but, m general, 
growing older and wisei means bemg able to utilize earlier learning 
To reduce this to experimental terms, the study of transfer is the study 
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of how some specifierl leainmg expeiieace mflucnccg peifoiznance on 
a «^GCund specific task Apait horn the possibility of neai-zero eftects, 
we can see that transici may be positive, as when familial ity with the 
court tactics of tennis facilitates the leaining of badminton, oi it may 
be negative, as when learning a fiiencrs new telephone number is 
hampoied by confusion with the old one Positive transfer, however 
inefficient, must necessaiily oceui moio often, or it would not be true 
that inatuiity brings wisdom 

Just as leaimng is affected by eailier events, so is letention affected 
by events occuinng duiing the lolention peiiod Tiansfer, positive 
and negative, is thcrefoie a detcrminci of both learning and forgetting 
We shall later woik out its relations to each 


BASIC EXPERIMENTAL DESIGNS 


Learning 

All the factois which aie known to influence the learning process 
can be classified in three gcneial groups (11 those characterizing the 
Icainci his motivation, ability, fitness, etc , (2) those chaiactenzing 
the task to be piacticed, eg, the meanmgfulness of the mateiial or 
the amount of it; (3) those found m the conditions of practice or 
tiaming — degree of distribution of trials, use of rewards and punish- 
ments, amount of self-rehearsal permitted, etc We can summauze 
the factois in a leaining expeiimcnt thus 

CJontrol group Si T\ Pa 

Exponmontal group ;Si Ti Pi 

This notation signifies that two gi'oups aie equal m the way the 
subject variables and the task variables operate, but that they differ 
m the way some single practice variable operates (The single diffei- 
ence between tlie contiol and experimental conditions obviously could 
he m the subject or task vaiiables lathei than the piactice-oondition 
variables ) Given some such single vanation in a factoi affecting 
leaining, the basic experiment consists of securing learning curves 
for the two conditions or gioups, or securing measures of time to 
mastery 

Either the factorial oi the functional variety of experimental design 
may be employed for the basic learning experiment (See Chapter 1 ) 
To illustiate the application of these types heie, we can refer to an 
experiment m which the major independent vaiiable was the amount 
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of material to be learned and the dependent variable was Icaining 
rate or time [6] Non&ense s>llablcs were momonzed (A typical 
nonsense syllable is TIV — two consonants with a vowel between, 
chosen so that no meaningful woid is theieby foimed Nonsense 
syllables aie often employed in learning experiments because they 
give no special advantage to any learnei, i e , they afford control of 
the variable of famihauty or association value) In what \ve shall 
call a contiol condition, only eight syllables weie to be learned, about 
as close to zeio m amount as can be employed and still ha\e anything 
more than leaimng at a single glance In the expenmcntal conditions 
progressively larger numbers of syllables wcie employed 
Suppose that we did not know whether amount of mateiial really 
has a bearing on the time necessity foi memorization We might then 
employ only the contiol and one experimental condition — the factoiial 
treatment In the experiment under consideiation, a table such as 
the following might have resulted 

Time to MAbTERY, 

Minutes 

Control (8 syllables) 0 13 

Experimental (16 syllables) 3.67 

Clearly, the amount vanable makes a difference to the dependent 
or rate-of-learnmg variable 

If we now shift to the second form of our basic design, the func- 
tional, and add several experimental conditions (differing in amount 
of material), we learn, not simply that our majoi independent variable 
IS a significant one, but, m a moie complete way, how it relates to 
the dependent variable See Fig 1 

As a final way of stating the cliff eience between the two forms of 
the basic learning experiment, we can note that the factorial experi- 
ment 18 usually Bummaiized by separate learning curves for the two 
conditions, rather than by just a single score for each Each curve 
individually shows the relation between level of mastery and an inde- 
pendent variable which is essential, but of secondary mteiest m most 
experiments amount of piactice We must look at the dijf eience 
between the two curves in ordei to decide if the independent variable 
on which they differed is significant — the lattei vanable enteis into 
the graph only in this indiiect way, even though it is the mam object 
of study* By contiast, when several experimental conditions (eg, 
amounts of material) have been employed, we usually choose a single 
index to represent the efficiency of learning (eg, time to mastery) 
and do not plot curves of leaimng We then lelate this efficiency-of- 
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learning index di)ectly to the independent variable defined by the 
diffeienceB among expeiiincntal conditions, as in Fig 1 



Number of syllables 

Fig 1. The relationship between learning rate (time) and amount of ma- 
terial. (After Lyon [6] ) 


Retention 

The basic design of a retention expeiiment can be schematized tlius 

Control group, Li Ro 2'i 

Experimental group Li Ri Ti 

The notation Lj indicates the original leainmg, dining it, of comse, 
the thiee classes of variables named in the pieceding section are 
operative but are of equal influence jn the contiol and experimental 
groups, R indicates the letention period or the activities going on 
during this time, the subscripts 0 and 1 indicating that in this case a 
zero “setting” and an appreciably diffeient "setting” on some variable 
to be identified in the mteivening activities aie being compared Ti 
indicates the final test of retention, which is identical for the two 
groups compared, as the scheme is presented above, and which aflfoi ds 
the crucial data of the experiment The major independent vanable 
could, of course, lie m the learner variables oi in the situation in 
which or by which retention is measured, as well as in the intervening 
period The implication of this scheme is that m a retention experi- 
ment the control and experimental groups must be matched on a 
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laigei numbei ui vanables than m a learning expciiment That is> 
in addition to matching in teims uf subject, task, and learner vari- 
ables, there must also be matching, dming the ictention period, for 
such factois as the length of letention inteival oi activities othei 
than those pi escribed by the expeiimental design, as well as at the 
time of the retention test, foi such factors as attitude, fatigue, or 
physical sunoundings 

Needless to say, this expeilmental design can be employed m a 
factorial expeiiment, oi m a moie complete one 


Transfer 

The following IS the basic design of a transfer experiment: 

Control group Ei — 42 

L\|)tnmcntal group Ei Li Az 

The crucial thing 13 the comparison of the two gioups on A2, after the 
expeiimental gioup lias expeiiencecl Li and the contiol group has not 
Within Li aie included the thiee classes of lenraing variables From 
any one, the inajoi independent variable may be chosen A2 may 
also be a leaining task 01 may be a letcntion test including vanables 
such as wcic mentioned in the previous section The notation 2 ?i 
indicates that some preliminary means must be found of equating 
control and expeiimental groups, and this may be a learning task foi 
which A2 is a test of retention Any difference between the two 
gioups on A2 alone might, without this piecaution, be attributable to 
ability or gome othei variable, rather than the piior learning of Li by 
tlie experimental group 

By now the student will expect that this basic design can be varied 
by the intioduction of a senes of experimental gioups, lather than 
just one, and by vaiiations in either Li or Ao In all eases, however, 
learning cuives 01 othei data concerning peifonnanee on A 2 are the 
ciucial data of the experiment 


VARIABLES ORDINARILY IRRELEVANT TO STUDIES 
OF LEARNING, RETENTION, AND TRANSFER 

Here we shall discuss independent variables which are commonly 
recognized as playing a lole in laboratory expeiiments on learning 
and related pioblems, but which often aie not of direct interest and 
must therefore be kept from contributing to the majoi result of an. 
experiment The techniques discussed eaiher (see Chaptei 1 ) are 
used, le, some unwanted variables can be ehimnated altogether, 
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some can only be held constaiit^ some can liteially be made to opeiate 
identically foi all subjects, and othois cannot be held constant in any 
liteia! sense, but must be made to ^^aveiage out** the same foi each 
condition oi gioup AVe shall show how each technique may be 
applied to oui paiticulai aica of investigation 


Individual Differences in Ability 

Oui mam mteicst is in the piinciples goveining the processes of 
leainmg and foigotting It is tine that some subjects leain moie 
quickly than otheis oi letain better, and in the absence of other 
explanations we may attiibute such diffciences to ability (In this 
connection a nairow' definition of ability, especially one implying 
hcieditaiy determination, is not intended, because pre-expeiimental 
language skills, familiarity mth expei iinental pioceduiea, etc, may 
all be included within the family of individiml-diffeienco vaiiables ) 
Since wc aic not cliiectly intcicstcd in buch variables, the distribution 
of ability diffeienccs should be compaiablc m the contiol and all 
cxpeiimental gioiips, so that ability could not leasonably be thought 
tlic lactor lesponsible foi diftei cnees between thou performances 
Individual diffei cnees cannot be ehmniatcd and theicfore must be 
held constant, as refloctod by aveiages on tho luolcvant vaiiables for 
different gioups or conditions, 

Motivation 

The same statement must be made for individual differences in 
interest, or coopeiativcness Caie must be taken in the expenmenter^e 
tieatment of the learner, or in the learnei^s contacts with the assigned 
task, so that motivation is on tho average equally great in all expei i- 
inental conditions Piefeiably, motivation should be maintained at 
a lelativcly high level in studies of memoiizing, since this aids in 
reducing the effectiveness of possible disti actions or boredom. 

Under certain ciicurastances motivation, especially where it is 
defined as the set tho subject has towaid his verbal loainmg task, 
becomes a variable of diieot interest, lather than indirect By defini- 
tion it then diffeis m a planned way from one expei imental condition 
to another and is not to be classed as an melevant factor^ 

Non-experimental Practice 

In the realm of verbal learning, control is often made difficult 
simply because the subject constantly uses language He needs 
neither the apparatus nor the conditions of the laboratory m order to 



rehearse oi leview or recite Such acUlitional practice can occiu m 
varying amounts while the leaniei is in the laboiatory oi out of it 
Special attention must always be given to contiol of the leheaisal 
variable, lest it vaiy along with whate\ei majoi independent vaiiable 
IS being studied 

A check on reheaisal should be made by questioning the subjects 
concerning how much of it they did Presumably, leheai&al mav be 
reduced by instructions, but not ceitamly This immediately brings 
up the difficult question uf what to do about subject^ who admit 
atypical amounts of ichearsal The most defensible pioceduie is to 
compare subgroups of learners who icpoit themselves as aftected by 
the unwanted vauable m diftcnng dcgiccs, to sec whether their per- 
formances on the mam dependent vauable is thcioby aftected Beyond 
this, theie is the possibility of ehnnnatmg subjects who admit non- 
expenmental piactice The diacaidmg ot subjects, howcvei, is a 
pioceduie open to many errois of bias and should be avoided except 
under the most explicitly defined and rigidly eufoiccd lules We 
must conclude that, so long as the conditions of an expeiimcnt freely 
permit the possibility of review oi lehearsal, there is no good way to 
remove this souice of ambiguity fioni the data 

A preferable piocedme, to be illustrated latci, is to confine the 
entire study to a penod vhen the subject is undei the control of the 
experimenter and then to design the pioceduies so that little oppor- 
tunity IS given foi uncontrolled practice Foi example, if the learner 
IS to be given a rest period, he may well be assigned, duimg that period, 
an activity which precludes attention to the mam learning actnity 

There is another aspect of non-e\peiimental practice which must 
always be consideied It may be refeiied to as pnoi piactice or, moie 
specifically, familiaiity with the task which is to be piacticed Care 
must be taken that the learning task is equally familiar oi equally 
unfamiliai to all subjects Of course, no exi^ciimenter would peirait 
a few subjects to have “just a little peek” before the expeiiment 
starts, but it is quite difficult to select veibal mateiials w'hich do not, 
just on the basis of chance, give special advantage to some leaineis 
One common way of controlling this variable is to employ nonsense 
materials, le, unfamihai ones, for all subjects (see Lyon’s study 
earlier m this chapter) The famibanty vanable is so important 
that we shall refei to it later in tins chapter as though it constituted 
a special category. 

Series or Order Effects 

In memoi^ experiments one must guard against the usual senes or 
order effects (see Chapter 1), but the outstanding pioblem is that a 
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single subject’s peifoimance, if he is used moie than once m an inves- 
tigation, may show the effects of famihnnzation, increased confidence, 
or some moie specific transfer tactoi, such as piactice effects peculiai 
to his task Senes or order effects, in studies of learning oi letention, 
aie oidinarily held constant by counte)balancin[} We shall illustiate 
the application of this technique latoi 


Test-practice Effects 

In the field of veibal learning, one must always be alert foi the 
possibility tliat even a single glimpse oi hearing of the materials to 
be leained will influence the subject The pioblem is of special 
importance in any experiment wheie it is necessaij to gi\e subjects a 
preliminaiy tnal oi a prehrainaiy test of masteiy for pm poses of 
equating gioups Wheie such proccduics cannot be avoided, a control 
gi‘OUpj otherwise identical with the expciiniental gioup, must bo 
employed to secuio a measiiie of the test-piaetice or familiarization 
effects (see Cliaptei 1) 

In concluding this discussion of **unwanted” vauablcs, it should 
be pointed out that the chance variability m responses among the 
members of a group is usually greatei than the vai lability in i espouses 
of a certain individual under the several conditions of an experiment 
We can therefoie reduce the influence of a good many landom faotois 
by subjecting a single gioup of people to all the conditions of our 
experiments, rathei than using a new group of subjects in eacli experi- 
mental condition In the single-gioup piocedurc, where the inclevant 
and random independent vaiiables are not so significant, there is a 
greater likelihood of oui detecting the influence of the major variable 
Such a procedure of course increases the possibility of senes or order 
effects m the data, but since these can be anticipated and taken caio 
of thiough counterbalancing, they can be conti oiled quite effeotively 
and do not detiact from the success of the experiment Especially 
where the preliimnaries of an experiment lequmo considerable time 
or effort for each subject, the single-group proceduie may be 
advantageous 


METHODS OF STUDYING LEARNING 

We shall select, from among the large number of variables which 
can be and have been investigated m leaining experiments, only two 
for discussion here, with mention of a third It will be lecalled that 



the significant variables fall into thiec classes those in the learner, 
the task, and the piactice conditions Oui examples are chosen, one 
flora each class, in the ordei named, and our emphasis is on methods 
ot investigation, not results 


A Variable In the Learner Degree of Induced Muscular Tension 

and Learning Efficiency 

It IS geneially leeognized that a model ate degree of aleitness la 
beneficial to leainmg, oi, moie obviously, gieat relaxation oi gieat 
tension on the pait of the leamei is not conducive to learning efficiency 
To investigate thi-^ gcneial lelationship adequately, it is necessary to 
develop a specific measuie of bodily tension, a measure of learning 
efficiency, and an experimental plan to vaiy the tension (independent 
vaiiablej while nunieioiis other determiners of learning efficiency 
aic conti oiled This has been done by Courts [1] 

As did Lyon (bce p 67), Coiiits leqimed his subjects to memorize 
syllabic lists, with the difference that Couits^s lists weie 6 items long, 
and each item was to be spelled The list was presented, one item at 
a tune, by an automatic exposure device, the inemoiy dium The task 
of the leaincr, aitei the fiist ^‘reading tiial/^ w^as to anticipate and 
spell each byllable by using its piedecessoi as the cue In oidei to be 
cicdited as conect le&ponscs, the letteis had to be pronounced before 
the item actually tuined up in the viewing window of the meraoiy 
(hum The dependent vaiiaWc thus the total number of conect 
anticipations (letters) diiiing the pieananged number of trials given 
undei each expeumental condition On the fiist and second piactice 
days the subject bad 5 trials on each of 4 lists On the third, oi 
expeumental day, the subject learned a total of 12 lists, 2 under 
each of the pi escribed tension conditions, but mth other conditions 
Intel speised 

The independent variable, as just implied, was the degree of muscu- 
lar tension induced m the Icainei by squeezing a dynamometer 
continuously as he leained a list Each subject was asked, on the 
first day of his service in the expeiiraent, to squeeze the dynamometer 
as hard as possible and hold that grip foi 30 seconds Whatever his 
grip stiength at the end of the 30-second period, the amounts of effort 
he later had to exeit continuously m different experimental conditions 
were fi actions uf it The control condition of the experiment was of 
course no dynamometer squeeze during learning In the five experi- 
mental conditions, the learner held the dynamometer at i/i, 
and % Ins maximum test grip 
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The proceduics foi cuntiolling scveial indci)cndcnt aic 

implied in what has aheady been said about this expciiment (1) The 
factoa of ineaningfulness oi familmiity in the lists ^^as leduced to a 
low and piesumably equal le\et foi all Icaineis by the use of nonsense 
syllables which had to be spelled (2) On the othci hand, the geneial 
strangeness of anticipation leaining and memoiy cliums was reduced 
by piacticc on two days bctoie the cnicial expeiimental day (3) 
Vaiiations m the late of exposuie, legibility, etc, of the lists weie 
eliminated by use of the memoiy dium (4) The amount of matenal, 
1 e , the length of the list, ^\as a constant foi all conditions (5) The 
strength of gnp possessed by diffcicnt people vanes widely, the use 
of the fi actional grip, whcie each peison set his own standaid, 
assuied Couits that the difteicnt degiecs of tension lequned in the 
five expeiimental conditions would possess the same significance in 
relation to one another foi each leainei (6) The troublesome vari- 
able of individual differences in leaining ability was held constant 
by using each subject in all conditions 
We can mention seveial othei contiols (7) The leainor was aided 
in maintaining whatever fi actional gnp was set for a ceitam expeii- 
mental condition by an electrical connection on the dynamomotoi so 
long as Ins gup was approximately coircct, a light in the penphoiy 
of his field of vision stayed, on, if he changed Ins gup too much, the 
light went out (8) Each Icainoi seivccl undci a total of six condi- 
tions, each twice, and he of couise had to have a diffeient hat for each 
assignment Three souices of senes effect ^^clG thus made possible 
The fiist was the order in which the lists weie lenined, for example, 
if the same list weie always the fouith one, and it by chance was an 
easy one, the appaient efficiency of leaining would be inci cased but 
not through tlie opeiation ol the majoi mdependent vaiiablc, tension 
The second and related effect might occui m the foim of tiansfei, 
as the learner went from one condition to the next, theie might be 
increasing difficulty in foigottmg eailiei lists oi in keeping them fiom 
interfering with the piesent one Oi, at the opposite extiemc, some 
geneial practice effects might continue to appear, even after the two 
pieliminary practice days The thud seues effect could he in the 
fi actional gups themselves, if they always increased, oi always 
decreased, as the experiment piogiessed, systematic fatigue or motiva- 
tional changes might ocoui fiom condition to condition All thice 
senes effects were held constant by using diffeient (random) orders 
in which the lists occurred and different oiders m which the fi actional 
giips were employed, for various learners, Any differences among tho 
several expeiimental conditions therefore could not be attributed to 
a systematic eiioi in the order m which eithei they or the lists were 
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employed (9) Fatigue in geneial was i educed on the experimental 
day by giving frequent bet\\een- condition lests 
Such factors as (10) non-expenmental piactice were ruled out by 
using lists which were unknown to the leainei until the veiy rdoment 
he w^as to learn and by giving lest peiiods only when the tnals ivith 
a paiticulai list weie all completed (11) Motivation, and perhaps 
some othei factors in the ability category, w'Cie in a sense conti oiled 
by using only college men Sixty of them^ all interested in psycho- 
logical work, at least to the extent of being elementary psychology 
students, served m the expenment 



Rg 2* Number of letters correctly anticrpated in five trials, as o function of 
tension Induced by gripping a dynamometer (After Fig 2 of Courts [1] ) 

The major results of Courts's study are summarized in Fig 2 
They speak largely for themselves and will not be treated in detail, 
since we are primarily concerned here with method One point, how^ 
ever, deserves mention If Courts had been content to perform a 
factoiial experiment, le, use only the control and one other con- 
dition, this IS an instance m which either of two exactly opposite 
conclusions about the relation between muscular tension and learning 
efficiency might have been drawn That is, if the one chosen experi- 
mental condition had been equivalent to the present %-grip condition, 
the final conclusion would have been different than if any other of the 
foul grip stiengths had been used Thus the more complete form of 
design employed by Courts turns out to be striking in its advantage 
foi study of this problem It shows that learning efficiency increases 
as tension mcieases, up to some moderate tension level, and thereafter 
efficiency deci eases 

A Variable In the Task Amount of Material and Learning Efficiency 

Since we have already discusskl a vaiiable in the task (Lyon's 
study) we shall not choose a new example heie. It will be sufficient 
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to point out timt Lyon contiollccl (1) meanmgfulne'is by using sjlla- 
blcs, (2) oiclei effects by mnclomiznig the vaiious kiigth-* of li'jt, 
(3) non~expenmcntal piactue by Icaining each list at a single and 
continuous session, (4) ability by doing all the leaiiiing himself, 
and (6) geneial piactice effects by thoiougli pielimmaiy tiainmg 
Although the data of Lyon are almost classical now and rarely ques- 
tioned, we must m honesty point out that (6) he could not be cntiicly 
Ignorant of the structuie of the lists, since he made them up himself 
(but he made so many, then shuffled them, that meraoiy ioi each 
list was piobably as good oi as bad as foi any list of a different 
length) Noi was theie precise control over (7) his technique tor 
leaining, (8) transfei effects, (9) daily variations m efficiency It is 
a tribute to Lyon’s iigorousness as an expciimentei that his data aic 
consistent with those obtained on largei nunibeis of leaineis by raoie 
completely planned and conti oiled techniques 


A Variable in the Practice Conditions. Distribution of Practice and 
Learning Efficiency 

In the degree to which all independent vaiiablcs aie identified and 
the irrelevant ones conti oiled, few studies equal one by Ilovland [3] 
He himself was inteiested in the way a certain vanablc in the Icaimng 
process affected forgetting, but wo can take fioni his lepoit the pio- 
ceduies by which the desiied variable was introduced into the Icaining 
process, and the data showing how the learning was theieby aftcctcd 
This variable was distribution of practice, and tlie expenment w'as 
of the factorial type, le, the loarnei eithei piacticed continuously or 
had a certain alteination of work and rest periods In eithei case 
he continued piactice until he made one perfect recitation 
The task heie, as in Couits’s study, was the anticipation learning 
of nonsense syllables by means of a meraoiy dium The syllable lists 
were 12 items long and weie pronounced, ratlier than spelled The 
dependent vaiiable or scoie was therefore the number of cojiect 
anticipations on each trial In the control condition each tiial was 
immediately followed by the next, and in the experimental condition 
each trial was followed by a 2-rainute rest interval before the next 
trial, Thus two “settings” of the major independent variable, distn- 
bution of practice, were established within the experimental design 
During the rest pcuods the learner was given the task of naming 
bits of coloied papei which weic mounted on the memoiy drum and 
could be exposed at the will of the' experimenter in just the same way 
as weie the syllables Each subject, in the part of the expenment 
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we aic conceined with, seived foui tunes in the coutinuous-piactioe 
condition and four times m the distiibuted-piactice condition 

(1) Familiarit> of task was held constant by tlie use of carefully 
selected nonsense syllables The memoiy duim ensuied that (2) late 
of exposure, length of lest peiiods, and legibility weie perfectly con- 
stant (3) The amount-of-mateiial factoi was again a constant 
(4) The geneial strangeness of the anticipation-leaimug and color- 
naming techniques was i educed and equalized by means of liberal 
[Heliminaiy piacticc (51 Reheaisal, an exceedingly important possi- 



Flg 3 The average number of repetitions of list required to anticipof© the 
various numbers of syllables correctly {Adapted from Figs 2 and 4 of Hov- 

land [3] ) 


bility m the distiibuted-piactice condition, was precluded or at least 
gieatly i educed by lequning the leainer to attend to, or name, the 
bits of coloied papei Moreovei, each list was used only duiing a 
single experimental pciiod, so that non-laboiatoiy leview was pointless 
(6) In such a long senes of experimental penods, there is much 
oppoitunity foi seiiea or order effects to occui All these effects were 
conti oiled by counterbalancing so that the continuous-piactice con- 
dition occuiied befoie the distiibuted practice as often as the reverse 
w^as true (7) Any possible failures of the lists to be equally difficult 
weic spread equally over the two conditions as a part of the same 
counterbalancing sclieme 

(8) The impoitant factor of ability was a constant, emce each 
leamei seived m both conditions (9) Distracting influences were 
minimized by perfoiming the experiment in a soundpioof chamber 
The experimenter was out of sight behind a screen on the drum table 
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(10) The sanations in efficiency which gtj with time of clay wcic held 
constant by keeping each Icainei's appointment always at the same 
houi 

TJie care wdiich Hovland expended upon the planning and conduct 
of his experiment was lepaid in the claiity of the majoi finding, which 
IS lepiesented in Fig 3 One fact must be explained concerning this 
grapli The leainei continued his piaotice until he could make a pci feet 
SCI ICS of anticipations, and Hovland latei w'ent thiough the completed 
iccord to find the number of trials icquncd to scoie ^onc coirect 
anticipation, then the number of tiials to scoic twm collect anticipa- 
tions, and so on Foi pui poses of the giaph, this nuinbci of syllables 
concct IS placed on the vcitical axis, so that you can lead Fig 3 just 
as though it wcie a typical plot of a Icaimng cuive The major con- 
clusion, that the distribution of piacticc la beneficial, is self-evident 
in the lelative heights of the cui\es above the base line and the niimbei 
of tiials neceasaiy to leach a scoie of twelve, oi one peifect lecitation 


Summary 

In each of the studies of learning just described, it was the intention 
of the cxpcrimentci to isolate the effects of a single independent 
vaiiablc, i e , to vaiy it in a planned fashion and to relate it to a ccitain 
dependent waiigble It was ncccssaiy to keep any othei independent 
vaiiable from contnbuting to the diffciences among the cxpciimental 
conditions which established the majoi independent vaiiable This 
lequiied the expeiimenter to identify, and then to hold constant oi 
eliminate, a laige nuinber of factors iiielcvant to the majoi puipoac 
of the study Once the pioblcm is stated, all these variables have to 
be considered 


METHODS OF STUDYING RETENTION 

A Variable in the Conditions of Original Learning. Degree of 
Overlearning 

The study by Hovland can be said to follow the classical prooeduie 
of relating le\el of masteiy to amount of piactice, witli the effects of 
the majoi independent \ariable in tho study (in Hovland^s case, 
distribution of effoit) being appaient only by comparison of tho two 
BOpaiate curved In studying retention there is a similai classical 
procedure, in which retention (or foi getting) is related to the length 
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of Intel val since piactice, and the majoi independent vauablo of the 
expel iment is evaluated by compaimg two or nioie separate forgetting 
cuives Oui fiist illustiation of how retention is studied is an 
investigation ol this type 

Kiueger [4] directed his attention to one of the most iinpoitant 
factois in letention, namely, how well the material was masteied 
originally The general outline of tlic study as follows Subjects 
memorized twelve-item hats of one-syllable nouns, and aftei 1, 2, 4, 7, 
14, and 28 days letuincd to the laboratoiy for a test of retention The 
number of nouns conectly recalled was thus the dependent van able 
Although time was an independent vaiiable here, as was piactice in 
the Hovland experiment, it is not of diiect mteicst In Krueger's 
study the majoi independent variable wms established by having the 
leainer, in one condition, practice until he could make one peifect 
lecitation This can be thought of as a zero ^Setting” on the over- 
learning variable In the expcnmental condition he practiced for half 
again the number of trials necessary to leach one peifect lecitation 
Moie specifically, if four tnals wTie nccessaiy in oidei for a certain 
person to lecite a tw^elvc-noim list without eiror, he would be gwen two 
moie immediate (lecitation) tnals, foi a total of six 

The ivord lists weie i^resentod by means of a memoiy drum, the 
learner could use any '^system” of learning he pleased, but had to 
be able to use the anticipation procedure on alter nate (test) tnals 
A given learner served m both the control and expenmental conditions 
with a given (constant) letention mteival Six different groups of 
subjects (twenty in each group, presumably college students) weie 
employed for the six different lengths of interval Any subject ivould 
obviously requiie a new list for each condition that he seived m and 
would imve to come to the laboiatory twice, once to leain, once to 
lecall 

In analyzing the vaiiabks involved in this study, w^e for the first 
time encountei a veiy common pioblem (1) Different groups of 
subjects had different lengths of lotciition period, and scoies at the 
ends of the several peiiods aie the ciucial data of the study Con- 
fusion would be caused if all the different groups were not equal m 
their level ot original raasteiy, wnthin the control condition, and 
again wuthm the experimental condition Tor the control condition 
this possibility was luled out by Krueger by employing a entenon of 
mastery, one perfect trial All learucis weie made alike m level of 
mastery (by this definition) befoie the initial piactice ceased For 
the experimental condition, there is no easy guarantee that all groups 
were equal Yet, because of the reasonable piocedure of requiimg 
50 per cent additional practice beyond one perfect tual, and ticatmg 
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all subjects in this condition alike, wc can rathoi safely assume that 
level of masteiy was made a constant within the condition 
The leinamdei of the contiols exercised by Kiucger diould be 
routinely expected by now (2) Rate of exposuie of the niatonalb, 
(3) amount of mateiial, and (4) meaningfulness of the mateuals were 
all held constant by the use of the memory dium and the selection 
of items foi the lists With noun lists, howevci, thcic is inoie leeway 
for chance opeintion of the factoi of familiauty or meaningfulness 
than with syllable lists (5) Series effects were equalized foi the two 
levels of original mastery icquucd, by having diffeient leaineis go 
through the contiol and experimental conditions equally often in the 
two possible oideis Piacticc effects weie in gencial i educed by 
giving each subject pieliminaiy tiaimng in the type of leaining heie 
required of him Ordei effects oiiginatmg m unequal difficulties 
of list were ruled out by dibtiibuting the necessaiy numbei of li&ts to 



14 


28 


FIq 4, Average percentage of nouns recalled after varying numbers of days 
(After Table II of Krueger [4] ) 


all the learners m such a way that, for a paiticular retention mteival, 
twenty different lists would be involved nt each of the two levels of 
mastery employed, and the same would be true foi each of the other 
letention intervals 

(6) We do not Imow how constant was the motivation of Krueger^s 
subjects, nor do we know much about their (7) learning abilities 
This seventh factor is pieaumably of minor importance anyway, in 
view of the steps taken to contiol level of initial masteiy by using a 
cnterion There is quite a laige group of unknovm and uncontrolled 
factors m the letention period thiough which liiueger’s subjects went 
I?oi example, (8) did they review at all, or in differing amounts? 
(9) Did they learn other things which would interfere with retention 
of materials learned in the laboratoi^? We do know that final lecall 
was measuied m the same way as was the oiigmal mastery, so that 
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(10) variables in the letention test are constant, unless thcie was 
vaimtion in time of day, ^\lth its implications foi fatigue or 
fitness 

We can only hope, along with Kiueger, that such factors did not 
operate to cieate a diffeience between the control and expeiimental 
conditions oi among the different letention intervals within a condition 
That they did not seems piobable in \iew of latei leseaich At any 
late the mam trend of Kiucger’s data is veiy apparent and consistent 
in Fig 4 As we have leported tins study, 60 pei cent overlearning 
produces a cleai supeiionty in retention We could have reported 
additional data fioin Krueger which at least suggest that further over- 
leainmg is not equally beneficial Data aic not available for enough 
positions along the degiee-of-masteiy continuum to justify oui present- 
ing moiG than the “pi esence-absence” portion of the experiment here 
That the piesence of a moderate degree of overlearning is beneficial 
to letention, however, is haidly to be doubted 


A Variable in the Conditions of the Retention Test the Technique 

of Measurement 

Up to this point w^e have disregarded the fact that there are several 
diffeient ways of meaaming how much a subject remembers These 
methods of measurement do not necessarily produce the same appear- 
ances of letention, and, indeed, they may not result m the same 
relative rank for a given person within a gioup of learners Variations 
in the method of measuiing retention are included in the general 
class of voiiables influencing a person during the retention test In 
this same class aie such variables as the amount of distraction, the 
appropriateness of the person's set for what he is to do, and the general 
similaiity ol retention-measuiement circumstances to the circumstances 
of the original leainmg (technically, stimulus context) 

In another nonsense-syllable, memory-drum expenment, Luh [6] 
investigated the lelationship between the type of retention measure 
and the amount letained The learner was requiied to spell the 
syllables, using the anticipation proceduie, and he continued practice 
until he had made one peifect lecitation, After the cutenon was 
leached, a period of 20 minutes, oi 1, 4, 24, or 48 hours ensued before 
he returned to the laboratory for a retention test (These intervals 
establish what for this study is an independent variable of secondary 
interest ) Each of ten subjects served several times foi each of these 
different retention intervals 


81 



Tile iiumbei of syllables coriect was again the dependent vaiiable 
The majoi independent variable was established as follows In half 
the tests aftei a given retention intcival, two different measures of 
letention were seemed One was the peison's scoie on the first tiial, 
foi which the anticipation method was employee^ as during the 
original piactice Without pause, he continued this procediiie until ho 
Imd releainccl to the ciiteiion of one perfect lecitation The scoie on 
the fiist trial alone was a recall score The diffeience between the 
nurabei of trials lequned foi original learning and foi releainmg to 
the same enteuon was a 8avin{fs index (It should be clear that the 
inoiG the subject letains, the more tiials oi effoit he will save in the 
leleaining piocess ) In the othei half of the letention tests, after a 
ceitain retention intcival, the ^^ubject was fiist tested by being handed 
pencil and paper and told to make a wntten reproduction of the list 
he had originally learned Pie then was handed a list of twenty-four 
syllables, among which he had to identify the original twelve This 
permitted a recognition scoie Finally, the subject was given the 
original twelve syllables, punted on sepaiate cards, and lequiied to 
place them m the pioper order This yielded a lemrangement 
measuie of letention It will be noted that the independent variable 
established m these five methods of measuiement was a qualitative 
variable, not a quantitative one; ic, the ''settings'^ on it differed in 
kind rather than in degree 

AVo shall not lepeat the listing of vaiiables held constant thiough 
by-now-famihai appaiatus and learning materials Ceitain othei 
contiols, howevei, meiit oui attention (1) The use of a ciitenon 
of inasteiy to which all subjects weie biought during the oiiginal 
learning was basic to this study Othei wise, diffeiences in measured 
retention might be meie icflcctions of level of original masteiy, as 
Kruegei^s woik would lead us to expect Using the criterion proceduie 
and (2) using the same subjects foi all conditions on the major 
mdependent-vaiiable method of measuiement, seiwed to leduce the 
effects of individual diffeiences in learning ability (3) Since each 
subject served m seveial repetitions of each condition of the experi- 
ment, there was the usual oppoituiiity foi senes or oidei effects to 
occur As did the other experimenters whose work we have reported 
here, Luh gave his subjects several pielimmaiy piactice sessions 
Then, during the experiment proper, he used the specific conditions 
and hats m different oidem foi each subject, so that no particular 
conchtion was favored or handicapped by virtue of its position in the 
senes (4) Each subject used the same hour of the day for Ins oiiginal 
learning and letumed latei m the day or on a following day for the 
letention test Under such a plan, any retention interval longer than 
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4 hours, but within the scope of a laboiatoiy day, is almost sure to 
make the letention test come when the subject is i caching the “fag- 
end'^ of hia day Theiefoie all inteivals bet\\een 4 and 24 houis weie 
simply not used by Luh, who concentiated lus on intervals 

wheie relative fatigue was not such a piobable diftciential among the 
several letention raeasuies 

Again, we must point out that (5) non-expei imental practice was 
not conti oiled, nor was information sought from the subjects con- 
ceining the stiength of their tendencies touard levicw The factoi 
which piobably counteracted such tendencies was the knowledge, on 



Fig 5 Percentage of original matenal retained, as determined by five 
methods of measurement, and related to length of retention interval, (Adapted 

from Fig 2 of Luh [ 5 ] ) 


the pait of the giaduate students and mstiuctors who served as sub- 
jects, that such leview would defeat the purposes of a study in w^hich 
they had a professional interest as well as the usual mteiest of a 
coopeiative subject (6) The factor of act, or expectation to use 
one method lathei than another in the retention tests, is not mentioned 
by Lull, but presumably w^as kept from being a significant oi system- 
atic factor in the results by using an unpiedictable order rn wduch the 
different methods were to be employed foi eacli subject 

Out of this study comes a conclusion significant for all students of 
retention (see Fig 6) the percentage of materia! retained vanes 
according to the type of measuiement of retention, and, more than 
that, the rank older of the seveial methods is not the same after 
different lengths of retention period 
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A Variable in the Conditions of the Retention Period Intervening 

Learning 

One classical form of expeiiment has been that dealing with the 
phenomenon of retioactive inhibition By this tenn is indicated the 
handicap (inhibition) placed on letention of any ongmal learning if 
there follows, between the ongmal Icnining and the test foi it, any 
other learamg activity The effects of mteivening leaining depend, 
m tmn, on several factors, of which one of the most significant is the 
degiee of similarity between the ongmal and mterpolated tasks An 
experiment on this factoi has been peifoimed by Gibson [2], and 
although it involves perceptual leaimng lathei than puiely vcibal 
leaining, her lepoit offcis the best example foi our piesent pui poses 

Since Gibson wished to investigate the lelationship between the 
degree of retioactive inhibition, as we have defined it above, and the 
degree of similarity between the original and interpolated leaining 
tasks, she had to begin by establishing a dcgrccs-of-similanty vaiiable 
This required a preliminaiy cxpciiment, and we shall desciibe this fiist 

Paiied-associate leaining was employed Thiiteen outline diawings 
(stimulus foims) weie prepared (see the fiist column of Fig 6), and 
with each was paiied a monosyllabic woid The task of the learner 
was to view each successive pan biicfly, and to associate the given 
lesponse word with eaoli form On the test tiial, the stimulus forms 
alone were shown, and the subject was lequired to wiite the i espouse 
words 

With the assistance of judges, 2 other lists (classes II and III) of 
forms weie prepaied, these lists were judged to lepiesent degrees of 
similaiity to each of the foims of the standaid list One additional 
hat (class IV) was judged to have no similauty to the items of the 
standard list Then came the expeiimental determination of the 
degrees of similarity of stimulus forms m lists 11, III, and IV to those 
in list I • Several diffeient groups of subjects (from 19 to 29 in a 
group) had 6 presentations of the standaid list, each piescntation 
followed by a test tnal with the foims only (This brought all groups 
almost exactly to the point wheie they could, on the aveiage, give 
12 correct responses out of the possible 13 ) Then, after 24 horns, 
each group was shown acme of the forms from the standard list mter- 
mmgled with some forms from classes II, III, and IV, enough to make 
a list of 13 They were told, at the 24-hour test, that they should 
write as many responses as possible, and that they might not remember 
all the stimulus forms exactly They were not told, however, that 
several of the stimulus forms weie merely similar to those orrgmally 



Gibson thus could use the peicentage of appropriate word responses 
among her subjects as evidence of how nearly equivalent any form in 
classes II, III, or IV was to its countcrpait in class I| i e , how probable 


C^an^rd) Class HI Class 12 

1 33% an 3 i5z (P 

2 ^ %% ^ m [ 11% ^ 

3 ^ 96% B 42% ^ 7% ^4i' 

4 ^ m ^ 46% fP 0% ! 

5 93% 28% §8 8% ^ 

6 ^ 80% O 83% ^ 32% Z’ 

7 0 882 0 21% Q 17% 

8 31 74% ^ 21% ^ 4% ^ 

76% M 24% q 0% p. 

10 CO 85% Q 11% M 10% zO 

11 67% /iC? 11% <p 3% ^ 

I2:=X=> 35% GO 12% OC> 4% 

13 93% (J 80% df 4% 

Av. 845 5.7 


Fig. 6, The stimulus forms of the four classes, together with percentages of 
correct responses to each form, and the average percentage correct. (After 

Fig. 3 of Gibson [22].) 


it was that the new stimulus would evoke the same response ns the 
old Fuithermore, the total percentage of appropiiate responses, for 
all forms in each class, was a quantitative indication of the general 
degree of similaiity of each list to list I The percentage of coneot 
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responses to founs of clas'^ I (standnid) was 84 6 on the "letention” 
test, the pcicentage foi class II, 41 1, foi class III, 9 7, and foi class 
IV, zeio These values indicate, then, the i dative aimilaiity of each 
of thiee lists to a standard list All this pioceduie was piehmmaiy 
to the ictioactive-inhibition expeiiment piopcr 

In. the main cxpciiinent the dependent van able was the piopoi-tion 
of collect lesponses on a final lecall tiial This final tiial was pre- 
ceded by the oiiginal leaining of the standaid list of forms paiied 
w'lth nonsense syllables and then by inteipolated learning The 
oiigmal and inteipolated lists weie each given 6 exposuie tiials which 
w'ere m every instance followed by test trials as m the preliminaiy 
study 

Duiing the inteipolated leainmg peiiod the standard list was used 
foi additional tiials by one group of subjects, lists II, III, and IV were 
used with othei gioups, and no Icaining, i e , rest, was inteipolated foi 
a contiol gioup In all but the control gioup, then, the subject first 
learned a certain set ot syllabic responses to the standard list of forms 
He then followed the same pioceduie with a second list of forms, eithe) 
identical with oi possessing some known degiee of sxmilanty to the 
original list, paired with the stimulus foims of this second list were 
new syllables Finally, the subject tired to lecall the responses of 
the oiiginal list, when shown only the standard forms All subjects 
weie college students, in size, the gioups ranged from 22 to 39 

The conditions of the ictioactive inhibition experiment, as thus far 
described, indicate the control of several variables (1) Level of 
mastery of the oiiginal list was not identical for every subject in this 
experiment, but the aveiage teat-trial acme at the end of oiiginal 
learning was almost exactly 8 0 (out of a possible 13) for every gioup 
(2) It was desu'able to lule out variations in the difficulty oi famili- 
arity of the response terms, which Gibson did by using nonsense 
syllables Also, the responses acquired during the original learning 
were identical, i e , of equal familiarity, for all subjects, and the same 
was true for interpolated learning. 

(3) The rate of exposure of the paired-associate lists, the timing on 
letention-teat trials, and the timing of rests were all handled according 
to a preai ranged and exact schedule, so that no gioup (or condition) 
had any special advantage (4) The oidei in which the pans was 
presented was varied from tiial to trial to lule out anticipation learn- 
ing (6) Once the oiiginal learning began, there was little or no 
opportunity to do any rehearsing In tlie control group, winch lated 
cartoons duimg its lesb period, there is at least a possibility that 
leview went on, but probably no subject lehearsed intentionally or 
systematically 
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We must now considei the contiul gioup They meiely Icaineel the 
standard list undei the usual conditions, then had no special intei- 
vening leaining (the time was spent selecting woist and best cai toons 
fiom the New Yoiker magazine), then recalled m the usual way 
(6) Any unknown factois coirelatecl with the passage of time in the 
expeiimental conditions can be assumed to opeiate in the same way 
in this contiol group Their recall scoies can be called ‘'noimal” 
scoies, which are fiee only of the effects of intci vening leainmg In 
the expeiimental group the letention scoies aftei intei pointed leaining 
can be compaied to these ^‘noimal'^ ‘scores m the contiol gioup by 
the foimula 


Pei cent RI = 


C - E 



where RI is retroactive inhibition, C is the mean recall score of the 
control gioup, and E is the mean recall scoie of the experimental 
gioup We thereby secuie a measure 
of retioactive inhibition m the experi- 
mental conditions which is compaiable 
from one condition to the othei and 
which lepiesents the effects of inter- 
polated learning only 
The icsults of this expenment, as 
shown in Pig 7, aie quite consistent, 
but to understand them w^e must 
appreciate an impoitant point about 
the experiment The subjects of 
group I learned two different lesponses 
to each stimulus fonn of the standaid 
list The subjects of, say, group III 
learned one set of i espouses to the 
standard list and a diffeient set of 
lesponses to an interpolated list in 
which the stimulus forms weie only 
slightly similar to those of the original 
list The amount of confusion exist- 
ing at the time of recall (and there- 
foie the number of failures to produce 
the right response) should be gi eater 

in gioup I This point underlies the relationship shown in Fig 7 the 
greater the similarity of the two sets of stimulus foims, the gieatei 
the amount of retioactive inhibition 
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IV III II I 

Degf€e of similarity 

Fig. 7. The relation botwoen 
degree of similarity between 
stimulus forms of original and in- 
terpolated lists and percentage 
of retroactive inhibition (After 
Fig. 5 of Gibson [2], abscissa 
originally labelled "degree of 
generalization ") 




Summary 


As was mentioned eailiei in this chaptoi, the design of a retention 
cxpeiiment isinheiently moie complex than that of a leainmg expen- 
ment, there is simply more possibility foi nielevant factois to opeiate 
in the time intoivals (or activities] and letention tests whicli typically 
follow the original leaining The icvicw in which wc have just 
engaged shows that it is possible, and nccessaiy, to contiol all these 
additional variables Apait fiom the usual intangible of motivation, 
the only factoi not submitting satisfactoiily to contiol by a oaieful 
expeiimenter is leheaisal m that type of study wheie non-laboiatuiy 
intervals aie lequned It may ^\ell be emphasized that, in any study 
analyzing the effects of factors in letention peiiod oi letention test, 
the oiigmal learning must be earned either to the same level foi all 
subjects (by use of a cntciiou) or to the same aveiage level foi all 
gioups 01 conditions (checked aftei the data have been collected, 
if necessaiy) 


METHODS OF STUDYING TRANSFER 

A Variable In the Task* Interlist Similarity 

Gibson^s experiment, which has been treated as a study of a factor 
in letention^ also serves as an mti eduction to the study of tiansfei 
First, and most obviously, the difteiencc between the iccall scores of 
the control group and any expeuinental group is to be attiibuted to the 
interpolated learning The result is a handicap, i e , negative tiansfer 
A second, and as yet unmontioned, illustration of transfer is affoided 
by Gibson study, it is found m the learning of the mteipolated list 
This too 18 an activity pieceded by a leaimng task Assuming that 
the subjects of each expenmental gioup, on the average, were equal 
in ability, one might possibly expect then leaining of the interpolated 
list to be equal in aveiage rate Gibson^s data show, howevei, that 
the similarity of interpolated stimulus foi ms to the standaid (first) 
list affected the rate at which the second list was leained More 
specifically, when the stimulus forms of the interpolated list were 
identical with those of the original list, we should expect the 
responses to bob up and hamper the interpolated learning (negative 
transfei). 'When the stimulus forms of the interpolated list were not 
so similar to those of the oiiginal hat, the tiansfer of ‘^okr^ responses 
was less probable and the learning should have been easier Evidence 
that transfer occurred m this mannei, i e , that it was dependent upon 
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the sirmlaiity factor, was secured by Gibson aftei 5 tuals with inter- 
polated stimulus foims identical with the standard list, the average 
score was 7 7, foi interpolated list II, this aveiage was 9 7, for lists 
III and IV (little and no similaiity) the values were 10 0 and 9 8 
lespectively 

It should be evident that a study of tiansfei does not litexally 
demand a difterent method than that employed foi letention expen- 
raents in general, except that emphasis is placed on the point tliat the 
first of any two successive activities must be a learning taslc Only 
then does it make sense to analyze the second activity, whether it be 
a retention teat oi fuithei leainmg, to see what cauy-ovei fiom the 
first task there has been 


A Variable in the Conditions of Practice. Amount of Prior Practice 

We have had occasion to point out several times that experience 
with an experimental task may intioduce an irrelevant variable, 
general piactice effects These aie in the category of senes or order 
vaiiables, the implication is that positi\e transfer occurs from one 
condition of an experiment to another Although it is true that from 
an expeiunental point of view such tiansfer is often undesirable, out- 
side this setting positive tiansfer is normally to be desiied Aftei 
all, as w^e have indicated, it is the general basis of wisdom or sophisti- 
cation The experiment which we now analyze is an example' of 
proceduies for investigating these geneial practice effects, and although 
the original authoi was not directly interested m this topic, the design 
obviously could serve as a framework foi many other types of studies 

In one pait of a study employing paiied-assooiate leainmg (see the 
foregoing account of Gibson^s study), Underwood [7] investigated 
the relation between the ease or difficulty with which a standard list 
IS learned and the number of lists previously learned Each list con- 
tained 10 pans of two-syllable adjectives, the first or stimulus membei 
of a pair alw^ays bemg the same thioughout the several lists learned 
by a given subject, and the second or i espouse member varying from 
one list to anothei Practice with the last (the standard) list was 
carried to the point where the subject could make 0 out of 10 lesponses 
corieotly 

The dependent variable in Underwood^s experiment was the total 
number of trials necessaiy to reach the criterion of 6 coirect The 
independent variable was established by using a control gioup which 
had zeio prior learning (no lists before the standaid list), and three 
experimental groups required to learn 2, 4, or 6 prior lists. If the 
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stimulus and response tcims foi one pan in the stanclaicl list are 
designated A-B, the corresponding terms m one of the conditions 
(4 prior lists) would be A-F, A-E, A-D, A-C, A-B The control 
group, of course, learned only the list containing the A-B pair 
Twenty- foul subjects each scivod in all 4 conditions 
The variables conti oiled by Underwood and the ways m wdiich they 
weic conti oiled need only be listed, since his pioeedures were so nearly 
those which the student will now lecognize as standaid m the veibal 
learning field (1) Piehminaiy piactice periods, two in number, 
familiflJized the subjects with the learning technique and materials 



Ftg 8, The relotbn between number of prior lists ond number of triols to 
learn to a criterion of 6 correct on the standard list (After Table 13 of Under- 
wood [7] ) 


(2) Older effects within any list were reduced by piesenting the paired 
associates in seveial different ordeis, while (3) older effects due to tlie 
repeated use of the same subjects weic equalized by counterbalancing 
the ordei of conditions from one subject to anotlier ' (4) Differences 
among lists weie equalized by using each set of lists equally often in 
all conditions (6) Individual differences m learning ability weie held 
constant by using the same subjects in all conditions (0) Level of 
mastery of each prior list was held approximately constant, on the 
average, by using a fixed number of presentations, four, for each such 
list (7) Rate of exposure was automatically controlled by the use of 
a metnoiy drum Such factois as (8) time of day and (9) raotii-atJon 
are not mentioned by Underwood, but the subjects were all volunteers 
from psychology classes Presumably they would have been coopera- 
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tivc and would have seived at approximately tlic same time each 
day 

The lesults of this study are shown in Fig 8 They aie not quite 
what might have been expected, foi wuth an inciease in the number of 
prior hats, there is a very slight but giadual reduction in the difficulty 
of learning the standard list The w^ay lu which the lists weie con- 
stiucted (A-C, A-B, etc ) would, on the basis of Gibson's experiment, 
lead us to expect negative transfer, oi handicap in the learning of the 
standard list In Undei wood’s study, however, the increasing number 
of lists in the pnor learning gave progressively moie piactice at asso- 
ciating diffeient lists of i espouses wuth a stimulus list, and this ^vas 
the basis of positive transfei to the leainmg of the standaid list It 
was a general practice efteeb within an experimental condition 
(Literally, foi Undo wood, this geneial practice effect w^as an melevant 
but not fully controlled vaiiable ) 

Considered as a design for the study of transfer, Underwood's 
experiment very neaily avoids one peiplexing piobleiii how to match 
control and expeiimental gioups for ability before they leain the prior 
01 standaid materials of the expeiiment In this cxpeiiment the same 
subjects w^re used in all conditions, so this factor was held constant 
We turn now to a study in winch this pioceduie was not feasible 


A Variable In the Learner: Set to Transfer 

A study by Woodrow [8] concerns a point of wide interest For 
several years befoie his work, an emphasis had been placed on how 
little positive tiansfei there is fiom one learning situation to auothei 
Woodiow simply shifted the emphasis and asked, Is it possible to 
tram subjects so that the techniques of memoiizing acquued during 
the tiainmg period will be used to advantage on later occasions? 

The geneial plan of the study was as follows Three groups of 
subjects were given initial tests of memorizing ability These weie 
measures of the tune necessary to memorize certain materials, or the 
number of items remembered aftei a ceitam study penod A control 
gioup (100 college students) had no further laboratoiy experience 
until the final (and different) tests weie given One experimental 
group {N ^ 34) had a total of about 3 hours of 'practice at raemonz- 
mg with no special training — ^they were simply told to ^dearn by heart ” 
Another gioup {N ^ 42) had special tiaimng They too spent about 
3 houis, but neaily half of this time was spent m learning seven simple 
rules and how or when to use them (A sample lule use rhythm and 
grouping to facilitate memorizing, anothei learn by wholes, rather 
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than by paiU) Such piactice time as they had was spent in con- 
sciously applying this kno^\ ledge of technique Both expenmental 
gioups had final tests compaiable with those of the control gioup 

The expenraent was made somewhat moie comprehensive by employ'- 
mg SIX diffeient types of memoiy mateiial in the initial and final tests 
poetiy, prose passages, miscellaneous factual items, Tuikish-Englisli 
vocabulaiy equivalents, am! littlc-known hiatoiical dates (The last 
two are, in effect, paiied-asbociatc learning) During the peiiod 
between the initial and final tests the piacticc and tiaming gioups 
dealt only with nonsense-syllable paired associates and with poetiy 
Both gioups were told that the piaetice they had with these materials 
would be valuable latei Except in the case of poetiy, they did not 
actually have any dnect practice with mateiials like those of the 
final test 

The dependent vaiiable in this expciiment is obviously the scoie 
on any given final test inateiial The major independent vaiiables 
aie really two in numbei One, a qualitative v^anable, is the kind of 
treatment duimg the intertest peiioci Foi the tiainiiig group and 
the pnictice gioup, a secondaiy vanablo is the use, on the final test, 
of materials like those on which the piactice had been given (poetry), 
or materialB on which thoie had been no duect piactico 

Id analyzsing this design wo see that first of all, as between the' 
practice and training groups, (1) the amount of piactice time was 
held constant (2) The ovei-all length of tune between initial and 
final teats was held constant foi all groups (3) Tlie initial and final 
teats weie the same for all thiee gioups, le, thew difficulty did not 
vary fiom gioup to group Most important, foi illustiative purposes 
here, an initial test was used, and on the basis of it we can determine 
whether (4) ability, on the average, was equal in the thiee gioups 
By use of the control gioup we are ablo to asceitam whether any 
changes m test perfoimance occuiiecl which are attributable (6) to 
factors not alieady mentioned Foi example, were the initial and final 
tests of equal difficulty? Were theie any obvious piactice effects from 
meiely talang two tests? 

The last-named points must be consideied first m the results (see 
Table I) Compansons of the initial and final test aveiages for the 
contiol group show that the second poetry test was the more difficult, 
as was tlie second list of facts In two of the three lemaming com- 
paiisons for the control gioup, the second test aveiage was better 
than the first, a finding which could be attributed to either practice 
effects or tire materials themselves In each ease we can reasonably 
assume that the direction of change in the control group is to be 
expected in each expenmental group, and results for the experimental 



TABLE I 

Diftbrbnce'j Beitv^bn Initial and Final Memohy Test* 


Test 

Group 

Initial 

Average 

Time, 

BOCOnclB 

Final 

Average 

Tune, 

seconds 

Per Cent 
Change 

Net Per C?ent 
Advantage 


Control 

624 

606 

1 -32 8 


Poetry 

Practice 

671 

737 


43 7 


Training 

680 



+22 2 


Control 

637 

464 

' -1-28 7 


Prose ' 

Practice 

654 

487 

+25 6 

1 -3 2 


Training 

731 

361 

■4'60 7 



Control 

67 B 

64 2 

-4 0 


Facts 

Practice 

04 0 


-4 7 

+ 2 


Training 

64 0 

72 2 

+12 8 

1 

+17 7 


Control 

7 6 

0 8 



Dates 

Practice 

7 2 


+37 5 

+8 6 


Training 

6 6 

12 2 

+87 7 

+68 7 


Control 

16 2 

16 1 

- 6 

1 

Voeabulory 

Practice 

14 0 

16 1 

+3 4 



Training 

13 0 j 

21 1 

4*66 2 

+66 8 


* Aftor Table in of Woodrow (8) 


groups “adjusted" accordingly to indicate the net per cent advantage 
gamed by the practice piogram, as distinct fiom other changes which 
occurred This type of computation can be thought of as “control" 
by statistical means, rathei than experimental (see the formula foi 
computing per cent of retroactive inhibition, p 87) 

As indicated by compaiisons on the first test, the three groups weie 
approximately edjual The only very laige diffeiences were ones indi- 
cating that the control gioup learned the poeti-y and the prose more 
quickly than the expeiimental groups, which at least implied no initial 
advantage on the part of the latter gioups In the remaming tests 
the gioups weie quite well equated, so that comparisons on the final 
test are defensible, i e , ability may vary slightly, but in a known 
way, so that allowances can be made for at 
The last column of Table I gives the clearest summary of the results 
of the experiment simple practice, with no special aid or set, produces 
little or no tiansfei to the final memory test, wheieas knowledge of 
meraoiy techniques and the intent to use them wheie possible, as 
acquired by the tiammg group, definitely transfei to the final test 
The major independent vanable, then, is a significant one. 
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The secnndaiy independent variable — ^whether the final test material 
IS like that used in the tiaining oi piactice peiiod — is also cleaily 
significant m the tiaimng group Poetiy was used in then training 
penod^ and on the final test, piose, most neaily like it among the 
mateiials used, was inemoiized with as gieat an advantage from 
training as was the final selection of poetiy This appeals to be 
positive tiansfei to similai material on which theie had been no diiect 
piactice Fuithermore, while the training penod included practice 
with nonsense-syllable paued associates only, the date and vocabulaiy 
lists piofited greatly on the final test They too weie, basically, 
paiied-associate material, and although they had been given no direct 
piactice, they showed significant positive tiansfer 


SUMMARY 

1 Learning and foi getting aie concuirent changes in behavior and 
are distinguished m teiins of the diiection of change (acquisition 
veisus weakening of response tendencies) Tiansfer can be involved 
in eithci type of change and can theiefore have a positive or negative 
effect 

2 In the basic experimental designs foi the study of veibal learning, 
retention, and transfer, it is possible to discern five mam groups of 
vaiiables tliree in the learning penod propei (learner, task, piactice- 
oondition variables), those in the letention mteiwal, and those in the 
letention-measuiement procedures The key to successful experi- 
mental work lies m identifying tlie relevant vanables, isolating one 
major independent variable, and controlling all irrelevant variables 

3 Experiments may be designed either to ascertain meiely whether 
the presence or absence of the major independent vanable is sig- 
nificant or to deteimine more completely the relation between this 
vanable and the dependent one 

4 In studies of leainmg, retention, and tiansfer, we typically must 
control the effects of individual differences in ability, motivation, 
non-expeiimental practice, senes or oidei variables, and test-practice 
effects 

6 For the purposes of a given experiment, certain variables aie 
known or thought to be insignificant, and they are disregarded Other 
specific factois aio known or thought to be significant, and each sepa- 
rate experiment must be designed to take account of these faotom in 
a planned way A few vanables cannot be oonti oiled literally, and 
one can only check on tliem after the data have been collected (e g , 
ability diffeiences, m some studies) 



6 Control in a retention expeiiment, and possibly m a tiansfei 
experiment, is inheiently moie complex than in a learning expeiiment 
by virtue of the additional possibilities for operation of relevant 
variables 
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Chapter 4 


Studying Human Thinking 

Edna Heidbreder^ 


In most psychological experiments on thinking, the methods em- 
ployed aie adaptations of piocedmes fiist used in studying other 
psychological activities By intioducmg complexities and subtleties 
into modes of investigating animal behavioi, by concealing lelational 
patterns in materials presented as in standard experiments on memoiy, 
by complicating the classical reaction-time experiment, especially in 
the already altcied form of the association-time expcimient— by tliese 
and similar devices, psychologists have arranged situations calculated 
to make thoir subjects tliink, and to make their thought amenable to 
experimental treatment 

This piactice implies that thinking may entei into many diffeient 
kinds of perfoimnnces and that, tluough these, it may be made accessi- 
ble to systematic inquiry It also implies that thinking entei s into 
a perfoimancewhen the situation with which an oiganism is confionted 
does not meiely ehcit the appiopnate lespon&e but lathei icquues the 
organism to produce this response through its own activity — to select 
it or construct it, to discovei it or invent it Hence arise the subtleties, 
obscurities, and complexities in the situations presented Whether a 
response is elicited fiom or produced by an organism, liowcvei, is not 
detei mined by the exteinal situations alone, it is also determined, 
and importantly determined, by the organism itself When an ade- 
quate stimulus elicits the pupillaiy leflex, it does so chiefly because 
the responding organism has the appropiiate physiological equipments 
Similarly, when a request to recite the alphabet elicits tlie requested 
performance, it does so laigely because the person who complies has 
learned to recite the alphabet, Even a performance like solving an 
algebraic equation may be largely elicited, since the written symbols 
call out, in a person suitably tiamed, the interpietations and opera- 
tions that constitute the adequate response Clearly a performance 

1 Profesflor of Psychology, Wellesley CJolloge 
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may be moie oi less elicited, moie oi less pioduced, and the kind of 
peifoimance \\hich in one peison is chiefly elicited may m another be 
chiefly pioduced 

The wokI ^‘pioblem’^ may be used to designate a situation ^hich, for 
a gnen peison, does not merely elicit the appiopnate response but 
lathei lequires him somehow to pioduce it thiough his own activities 
Tlunkmg may tlien be defined as that activity^ \^hateve^ its nature, 
by which a peison solves a pioblem, an activity which may be moie 
or less thoughtful as the situation is more or less problematic, and 
which, like othei psychological activities, may be moie or less adequate, 
more oi less successful An e\pei iinent on thinking, therefore, involves 
ti\o major lequirements (1) a pioblem to be presented, and (2) a 
method of dot ci mining huw the subject produces, oi fads t-o pioduce, 
the adequate i espouse It is impoifcant to notice that thinking, so 
defined, and the expciimental lequircments, so stated, are based on 
the assumption that thinking, as a psycliological activity, is some kind 
of adjustivc activity of a Ining oiganism, an activity iilnch may find 
expression in diffeient kinds of oicrt performances Aside Irom this 
assumption, howcAei, the sjiecific natuie of thinking is an open 
question In cflect, tlie definition locates situations wheie thinking 
may be found, the business of piecisely cloteiinnimg its natuie and 
conditions is left to expeiimental investigation itself 


AHEMPTS AT DIRECT INSPECTION 

The first attempts to study thinking experimentally were nothing if 
not diiect Thinking was conceived as a conscious piocess directly 
obser\able by the thinker, and cxpeiiments weie conducted by the 
apparently obvious method ol confronting subjects with tasks that 
aroused thought and ti eating then repoited intiospectiona as basic 
data The tasks vaiied widely in the diffeient investigations They 
langed fiom simple pioblems, like judging the heaviei ot two objects 
apparently exactly alike, to answeiing lecondite questions like, “Can 
oiu thought appiehcnd the nature ot thought?” [25] 

The lefcults weie difficult to mteipiet and highly cuntiovcisial, and 
since agieeinent could not be secured on what ueie offered as intio- 
spectively observed facts, the whole question of introspection a& a 
method was brought prominently to the fore The ensuing con- 
troversy laised important theoietical issues These, however, need 
not be examined at piesent, since, as a mattei of liistoiical fact, the 
value of introspection as a means of scientific inquiiy was determined 
not primarily by a logical weighing of pios and cons, but by actually 
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tiying to UbG latioapGctum and sn discovciing its po^^aibdities and 
limitations On the whole, the tiend has been to\^ard placing less 
and leas leliance on intiospection as a method Many investigators 
have assigned it a hinitccl role, supplemental y latliei than cential, 
and some have rejected it altogether as a means of studying thinking 
and, indeed, of studying psychological piocesses m geneial 


ADAPTATIONS OF REACTION-TIME AND ASSOCIATION-TIME 

EXPERIMENTS 

Analysis of Controlled Association 

The piactical limitabons of intiospection were most convincingly 
levealed by some of the inti ospective studies tlieraselves, especially 
by those that adhoied most closely to the pattern of the classical 
reaction-time expeiimcnt One of these is Watt's study of controlled 
association [ 30 ], a set of investigations in which objective data on 
associative reactions weie combined with introspective lepoits on the 
subjects^ consciousness diuing leaction The expeiimontal pioceduie 
was to assign a task, c g , naming the whole of which the stimulus 
woid named a pait, and then to pieseiit visually, one by one, a shoii; 
aeiies of stimulus woids, iccoiding each i espouse, measunng each le- 
action time by a chionoscope attached to a voice key, and obtaining 
an introspective report on each reaction Each subject was used m 
several senes of leactiona, the assigned tasks vaiying from senes to 
senes 

One of the most interesting contributions of the introspective reports 
was that the mam period of the leaction — that between the piesenta- 
tion of the stimulus woid and the subject^s overt response — was often 
described as relatively bare, and sometimes as entirely bare, of 
conscious content This finding, fmtheimoie, was a single instance 
of what seemed to be the geneial rule that conscious awaieness did 
not keep step, moment by moment, with what the subject was doing 
Sometimes, to take a striking case, the clear perception of the stimulus 
itself rose to maximal awareness only m the afterperiod, the brief 
peiiod following the overt response Most significant, however, were 
the leports on the forcpeiiod, foi here, in the inteiwal between the 
ready signal and the stimulus woid, the subject must somehow have 
established the set or adjustment which enabled liim, often without 
oonsoious selection or direction during the mam period, to produce 
the OQirect response Inti ospective evidence for sets and adjustments 
took a variety of forms, among the reported conscious contents were 
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visual^ veibal, and gestural schemata lepiesenting the task, and felt 
muscular tensions and readinesses to react Even these, however, 
tended gradually to disappeai as the subject became habituated to 
hi8 task, and at the end of the senes the subject was often respond- 
ing correctly without conscious awaienes& of the task even m the 
forepeiiod 

Such lesults give empirical grounds foi a ladical criticism of intro- 
spection as a means adequate in itself to the investigation of thought, 
foi, if crucial functions of thought are effected without conscious- 
ness — functions as important as the dnection of its couise and the 
selection of relevant reactions — effective deteirainants must be assumed 
w^hich arc inaccessible to intiospection and which must be known, if 
they are known at all, by some method othei than diiect observation 


Further Analysis of Controlled Association 

An important advance toward meeting this situation is illustrated 
by the woik of May [13], who repeated and modified Wattes experi- 
ments, introducing leflnements in method, using more subjects, more 
reactions, and moie varied conditions, and placing far more emphasis 
on objective data May^s inquiry conceined the i elation between the 
foiepenod and the mam period His hypothesis was that the prepaia- 
tory set is the determining factoi in conti oiled association, and his 
central problem was to investigate the pieparatory set, determining 
its nature and the kind and amount of its influence on the ensuing 
associative reaction 

Methodologically one of the interesting features of May^s experiment 
was his practice of systematically analysing introspections and of 
checking them against objective data when these were available 
One very general check w^as piovided by the mere fact that intro- 
spections were classifiable — that diffeient subjects, working mde- 
pendently, reported occunences of the same kinds A further check 
consisted m the fact that certain classes of conscious events were 
reported with consistently greater frequency m some conditions than 
m others in the forepenod, for example, or in the main period, m the 
early stages of the experiment or after the subject had acquiied con- 
siderable practice It was possible, too, thiough statistical treatment, 
to establish regularities between lepoited events m the mam period 
and those in the coirespouding afterpenod, for example, repoits of 
absence of conscious content in the mam peiiod weie most likely to 
occur when the forepenod itself was desciibed as automatic or nearly 
automatic The most objective elieck consisted m the correspondence 
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bet\^eeii measuied loaction time and the amount of conbcious content 
leported, for loiepoiiod and mam pciiod alike, a\eiagc tunes weie 
longei ^\hen conscious content was lepoited than when the subjects 
found no expeiienee to lepoit Although the dilTei cnees in time \^elc 
not statistically significant, they wcic consistently in the diiection 
mentioned 

In other woids, the expel imentoi used all possible means of check- 
ing lepoited intiospections as testimony y evaluated as such, a pioceduic 
that in\olved applying a new standard ol scientific acceptability to 
accounts of mtiospectivcly obser\ed cxpeiicncc In the classical 
studies chaiactenstic ot the fiist psychological laboi atones, tiained 
inti ospectionists diiected then obscivations upon selected aspects of 
expel icnce, usually aensoiy In those studies introspection was safe- 
guaided, assuming the competence of the obseivci, chiefly by expen- 
mcntally cuntiolling the stimulus, le, by manipulating it in such a 
way as to aiouse and locus obseivations upon just tlie conscious 
content to be dcsciibed The lepoitcd obseivations could then be 
compnied with the cxpeii mentally intiuduced \a11at10n3 in the 
stimulus The eoiuse of thought, hoi\cvei, cannot be con ti oiled by 
conti oiling the stimulus Thcicfoic, m dcsciibmg thought, even in 
short-1 angc leactions like those of May*t) study, the subject’s task is to 
tell what happens — to rcpoit on a com so of changing events — not to 
describe selected aspects of conscious cxpeucnccs in some sense 
imposed by the piesentecl stimulus and piesumably duectly coi related 
with it May’s standaid of scientific validity for such lepoits was the 
irapiobabihty of obtaining by chance the lelationsliips actually dis- 
covered among the lepoited introspections, and between those and such 
objective facts as length of leaction time and variations deliberately 
introduced into the expeiimental conditions He treated the data 
fiom introspection, not as recoids of experimentally duected observa- 
tions on experimentally couti oiled conscious contents, but essentially 
as testimony to be checked and lechecked as such 

The chief advance in May's method, however, has not yet been 
mentioned It consisted in pushing inquiry beyond the limits of the 
directly observ^able empiiical events May’s hypothesis was that, 
other things being equal, the more completely the subject was set, the 
moie fully the response was determmed, and hence the more automatic 
and piompt the correct verbal response On the assumption that a 
complete set lequned a certain optimal tune, and that the piepaiation 
was pioportionally less complete as less time was allowed for the set, 
the 1 elation between the foiepeiiod and the mam period, 1 o , between 
“set time” and “association time,” ought to be such that tlie length of 
the one peiiod vanes inveisely with that of the other 
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It IS especially inteiestmg, from the standpoint of method; that 
at the time the hypothesis ivas foimulatcd it i\as not borne out by a 
statistical analysis of the data then at hand The \auables pioved 
too complexly inteii elated to be isolated and oidcied by statistical 
proceduics, hence they weie incapable of pioving oi dispioving the 
hypothesis The expeiimcntei thcieioie simply set up the hypothesis 
as w 01 thy of nnestigation Guided paitly by the mtiospective 
icports, but v/oikmg chiefly fiom quantitative data, he constiucted 
a lougli scale, on which veie indicated foiepeuods selected as lepie- 
senting foui significant lengths 0 00, 0 15, 0 35, and 0 50 second He 
then seemed senes of leactions conespoiuhng to foiepenods of each 
of these lengths and found a peifect invcise lelationship between 
length of forepciiod and length ot main pciiod The autlioi strongly 
emphasized the point that these lesults wcie insufficient to constitute 
pi oof of liib hypotlicsib, but that they were offered to show tliat, as fai 
as the data went, they weie m agi cement with the hypothesis as stated 
Fiom the standpoint of method the pioccclure is impoitaut as an 
illustration of a mode of investigation m which, tliiough consti ac- 
tion and lufeience, knowledge is extended beyond the limits set by 
diiect obseivation Specifically the pioceduie is that of setting up a 
hypothesis and checking theoictical expectations against factual data 

Introduction of Complex Tasks in Studying Set 

The geneial pattcin of the aBSocmtion experiment has proved so 
adaptable and so widely useful that it is impossible, within a single 
chapter, to give moie than a hint of the pait it has actually played m 
the investigation of thmking One line of development is marked by 
the introduction of complex tasks which lequire the subjects to adopt 
sets withm sets Jersild [7], foi example, studied the compound sets 
which enable a subject, without bieakmg his pace, to shut back and 
forth, within a single senes of reactions, between two tasks like sub- 
tracting three fiom each presented number and giving the opposite 
of each presented adjective He also demonstrated the effectiveness 
of the moie compiehensive but not moie difficult sets which enable a 
subject, agam without breaking Ins pace, to shift back and foith among 
four tasks naming colors, naming foims, naming opposites, and 
Bubti acting thiee 


The Free-association Method 

Association expeiiments have also demonstrated the effective opera- 
tion of sets so far from the subjects conscious awaieness that the 
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term “fioe association” has been apphcrl to the piocosses imdei investi- 
gation The well-known study of Kent and Rosnnoft will seive as an 
illustration [8] The basic plan ot this investigation was to select 
loo veiy familial stimulus woids and to instinct each subject, tested 
individually, to icspond with the fiist woid, othei than the stimulus 
word, that occuired to him On the basis of the tabulated leplies of 
1000 noimal mtlividiials, it was discovcied that the niimbei of differ- 
ent 1 espouses to each stimulus woid ^\as relatively small, that 1000 
people did not icspond to a given uoid with 1000 different replies, 
but with a 1 datively small numbei of common i espouses, which varied 
among themselves in degice ot commonness, i e , in frequency within 
the group It was fuithcr discoveiod that the failme to give a sig- 
nificantly laige numbci of common ic'^^pon'^cs — a fact subject to 
quantitative ineasuiement by refcicnce to the tabulated frequencies — 
was charactciistic ol people who, accoiding to the usual outside 
critciia, had failed in making noimal psychological adjustments, who 
piesumably had not built up the habitual modes ot response which 
characterize the associative habits of most noimal human beings in 
a given culture In this way the association technique became a 
means of dcmoiisti ating and even measuiing the opeiation of factois 
as diffuse, subtle, and obsciuo ns the habitual sets wdiich people acquiie 
casually and incidentally in the couisc of then adjustments to an 
environment It is possible that a pcison*s performance on such a 
test reflects m some measuie his unconscious adjustment to his cultui’c, 
since the lenctions aioused aio his immediate ^^uncontrolled’^ responses 
to so impoitant a pait of the cultuie as the most common w^oids in 
its language 

Such tests themselves have become instruments of lesearch For 
example, AVoodrow and Lowell [33] employed the free-association 
technique m studying a group of childien Using 100 stimulus woids, 
00 of which weie taken fiom the Kent-Rosanoff list, they obtained 
lesponses fiom fouith- and flfth-ginde school children, thus securing 
for children rangmg in ago fiom 9 to 12 yeais inclusive, data com- 
parable to those obtained by Kent and Rosanoff, whose subjects, with 
a few exceptions, weie adults They found, for example, that there 
were common responses foi children as w^ell as for adults, but that the 
most common responses foi childien often differed from the most 
common responses foi adults They also found that certain types of 
association, such as giving the opposite of a stimulus word, or one 
expressing a oontiast, were less frequent among children than among 
adults In the opinion of the experiraenteie the method pioved the 
most useful biief device available for studying the mental constitution 
of children 
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ADAPTATIONS OF EXPERIMENTS ON ANIMAL LEARNING AND 

PROBLEM SOLVING 

Association experiments deiive veiy diiectly fiom lesearch prac- 
ticed in the firbt psychological laboiatoiies A \eiy different kind 
of research received its impetus fiom another quarter The Daiwinian 
point of view, with its emphasis on compaiisons among species, inevi- 
tably led to inquiiies conceining the mental abilities of animals 
From the very natuie of the pioblem mti ospection could not be used 
Instead, an animal was judged to bo ^intelligent/’ oi to possess a 
specified ability, eg, the ability to react to relations, if it could pei- 
form tasks or tucks presumably requiiing the ability m question 
The general direction of the inquiry into animal ability w^as set by 
Lloyd Moigan’s cautiously inteipieted obseivatums of animal behavior 
undei condition^ especially anangccl to demonstrate intelligence or 
the lack of it [14] In Thorndike's hands lescaichcs on “animal 
intelligence” attained the status of labointoiv expeimients [24], and 
under the cnticisms of Hobhouse [4] and Kohloi [0] the methods weie 
extended to include means of detecting in animals signs of insight 
and of reaction to relations In all such leseaiches observed overt 
motor behavior constituted the basic data 


Roger's Exploratory Method of Studying Problem Solving 

Obviously such methods of research have advantages wdien applied 
to human thinking, and they have, as a mattci of fact, been widely 
used m that field One such study, conducted by Rugei [20], was, 
fiom the standpoint of method, essentially an adaptation of methods 
used by Thorndike in some of his studies of animal learning Rugei’s 
subjects were human beings, most of them educated adults Using 
mechanical puzzles as his experimental materials, the investigator 
confionted each subject with a succession of puzzles and secured as 
complete a record as possible of the leactions an the couise of which 
the problem was mastered Each subject was of couiae studied indi- 
vidually, and he worked on a single puzzle not only until he had 
“solved” it once, le, had taken it apait oi put the paits togethei, 
but until, alter lepeatedly performing the task, he was executing the 
actual manual operations with maximal speed as indicated by failure 
to improve fuither 

One great advantage of the puzzles as mateiials was that the solu- 
tions were brought about by motoi manipulations which weie objec- 
tively observable thioughout Foi example, objective measures of time 
were easily obtained for each of the sepaiate successive occasions, 
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called tiials, on which, tlie subject “solved” the puzzle in the sense just 
indicated These measuies ga^e learning cuivcs similai to those lepie- 
sentmg an animahs successive escape fiom a puzzle box The expeii- 
inentei also kept recoids of the subject’s o^cit be]ia\ioi from tiial to 
trial, recojds which ga\e such infoimation as the pait of the puzzle 
first attacked, the pait that seemed to give gieatcst difficulty, the 
appeaiancc of a new mode of icaponsc, togethci with the cucumstances 
of its appeal ance, and also signs of emotional attitudes, such as self- 
distiust or absoiption m the task Rugci did not limit his data, 
howcvoi, to those obtainable only fiom animals He kept lecoids of 
the subject’s spontaneous verbal comments and, in addition, asked him 
at the end of each tiial to icpoit on what he had been doing Some- 
times, too, the subject was iiitciiuptecl in the middle ot a tnal and 
asked to tell what he vas thinking at the moment The subjects’ repoits 
were not as a lule descriptions of conscious contents and therefore 
were not introspections in the technical sense of the teim They were 
chiefly comments on what the subject was trying to do — on the objects 
he was trying to manipulate, the course of action ho was trying to 
follow The leforcnces to visible objects and opeiations weic highly 
useful since they enabled the expoiimciitoi to combine the subjects’ 
icpnits and the objective data m a mannei that not only made the 
w'hole couise of events more intelligible, but also piovided a check on 
the leports as testimony 

It was, in fact, by intcgiating data of vaiious soits — quantitative 
and qualitative, observations of behavior and icpoits of expeiience 
— that the cxpeiimentei made some of his most significant contiibu- 
tions Peihaps the most stnkmg was that “analysis” — something 
appaiently equivalent, in Ruger’s teiminology, to what the Gestaltists 
call “insight” — often inaiked the ciucial point in progress towaid 
solution Many of the learning cuives showed, as a conspicuous 
characteristic, a sudden diop, sometimes picceded by a single unusually 
long trial, and legularly followed by a consistently rapid late of pei- 
foimance In about 80 pei cent of the cases, these indications of 
sudden impiovement were accompanied by reports indicating that at 
just that time the subject had seen or woiked out the point of the 
puzzle, had discovered the essential feature, i elation, oi opeiation 
Usually, too, the person’s general behavior indicated that he had made 
a discovery The data also indicated, however, that analysis was 
not an all-or-none affmr, theie weic degrees of analysis, or cases of 
partial analysis, ranging fiom the meie location of the part of the 
puzzle whole a successful reaction had occurred by chance, to the 
formulation of the gencial principle on winch tlie puzzle was based 

It 13 impoitant to notice, too, that these and similar contiibutions 
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woie made, not only by integrating data ol ‘5e\eial difteient kinds, 
but albO by taking into account bioad molar unitb both in motor pei- 
foimanccs and in icports ul expeiience Without dealing in buch 
units, it would have been iinpossible to di-^icovei, foi example, the 
significant tact that new and bettci ^\avb of dealing with a puzzle 
often appeared as variations m motoi leactions before the subject 
was awaie of changing hi*^ pioceduie It was also b} referring to 
long stictches of activity fiom tiial to tiial that Rugci was able to 
discovei the laige amount of topically “animar^ trial and enoi in the 
behaviui of educated human adult^i, a point that impic'ised him as the 
duet outcome of the study Similaily, it was by taking molai events 
into account that he was able to note the lole of non^rational leactions 
largely emotional and attitudmal, eg, reactions indicating confidence 
or embarrassment or an olistinate dctoimination to woik along a given 
line which had repeatedly proved a failure 
Rugei’s work is distinctly exploiatoiy It serves the function of 
exploration, not only by pioviding lesults rich m factual content, 
but also— and tins is a practice not always followed m exploiatory 
reseaich — by placing them in a quantitative fiamcwoik in which 
significant relationships aie rtvTalecI and significant possibilities sug- 
gested Some of Rugei’s results arc determined with high probability, 
and others aie nieiely suggested, but twen tlie latter are presented in 
a context with leferencc to which questions foi fuithei inquiry can be 
stated with definiteness 


Experimental Analysis of Achievement in Problem Solving 

Experimental icseaich does not ‘^top, liowev^ci, with exploration In 
its most diaiacteiistic foim it poses a specific question and aiinnges 
and controls the conditions ot the experiment m such a way that the 
procedure will bring out just the evidence, positive and negative, that 
bears on the qucbtion about which the expeiiment has been de^^igned 
Investigations of bchavioial achlevemont^ like those used in studying 
animal behavior are in fact admirably suited to such inquiiy 

One of Maiei^s luv'estigations [11] will serve as an illustiation It 
IS organized about the question ol the role of duection m thinking 
If a peison has at his disposal all the units of leaction necessaiy for 
the solution of a problem and also the knowledge that these units are 
involved in the solution, is this equipment enough in itself to enable 
him to achieve the solution? 

Maier's expeiiment was peifoimcd to test the hypothesis that this 
IS not enough — that the solution of a pioblem involves not merely the 
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selection of the appiopnate icsponscs, but also the ippiopnatc general 
appioach, which he calls diiection He assigned his subjects the task 
of erecting a structiiie consisting o( two pendulums which would make 
chalk maiks on the flooi at points indicated The subjects weie pie- 
aented with nmteiials liko those pictuied in Fig 1/i — pules, lead 



Lead 

tubing 


Polos 



Fig, 1, The pendulum problem 

A* Tlio niaUrlali avalfobltt to fub[ect» fl Th® correct wlutfon (Co«rt*iy of AAcGraw-HlII 
book Company ) 


T-clamps, pieces of chalk, and lengths of wire The structui’o that 
constitutes the solution of the problem is pictuied in Fig IB 
The essential featoo of the experiment consisted in dividing tlie 
subjects into five groups approximately equal in tested ability, the sub- 
jects in each gioup being given a dififeiont preparation for attacking 
the problem The subjeota weie all college students, and each one 
worked at the problem individually 
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In Group A the subjects were instiuctcd m all the pait responses 
and were told that these included everything necessary to the solution 
of the pioblem To each mcmbei of this gioup the expeiimentei 
demonstrated the operations of clamping two locls togethei to make 
a long rod, of making a plumb line by attaching a clamp or a pencil to 
a cord, and of making a firm T-structure — a honzontal T, howevei — 
by placing a rod against the vertical side of a dooiway and then 
wedging, between its midpoint and the opposite side of the doorway, a 
horizontal lod of exactly the right length 

In Gioup B the expeiimentei ga^se all the demonstiations given in 
Group A and, in addition, made the following comment in ordei to 
provide the pioper appioach oi diieciion **1 should like to have you 
appreciate how simple this pioblcm would be if we could just hang the 
pendulum fiom a nail in the ceiling Of course that is not a possible 
solution, but I just want you to appicciate how simple the problem 
would be if that weie possible ** 

In Group C the subjects "were piescntecl with the same problem, but 
they received no prehminaiy demonstrations and no comments on 
direction 

In Group D tlie pait responses were demonstrated to the subjects, 
but they weie not told that these had anything to do with the problena 

In Group E the subjects were given the direction, but no demon- 
strations of the part responses 

The results of the expeiiment weie clean-cut Group B easily 
Buipassed all other groups of the 22 subjects m this group, 8 solved 
the problem, whereas it was solved by only 1 of the 02 subjects who 
made up the other groups This outcome indicates that both part 
processes and direction were necessary to the solution of this problem 
or, to emphasize the point relevant to the central question, that the 
appropriate part lesponses alone were not enough, but that appropnate 
direction also was required for its solution It is important to notice 
that these results apply to dnection as defined by the comments 
actually introduced into the expeiiment The interpretation of the 
factor called direction, whethei it consists of additional information or 
of a more inclusive part-response or of an organizing diiective set, is a 
point that is not answered by the results of this experiment alone It 
is, in fact, one of the great advantages of this kind of experimenta- 
tion that the data and their mteipretation aie sepaiable from each 
other — that questions of mteipietation stand out as such, pointing to 
specific assumptions underlying the expeiimental design In contrast 
with exploratoiy research, experiments like Maiei^s, which are specifi- 
cally aimed at particular pioblenis, piovide foi the more exact location 
of difficulties of interpretation, as well as the moie exact deteimination 
of the factors under investigation 
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EXPERIMENTS ON INDUCTIVE CONCEPTUAL THOUGHT 


Bringing Conceptual Activities under Experimental Control 

Thinking, ho^\evel, does not always engage so diicctly \Mth ovcit 
motui activity Often the solution of a pioblem tcinimates, not m 
paiticular inotoi operations on paiticiilai concictc mateuals, but 
in abstractions and gcnciahaations ex]>icsscd by symbols In an 
expenment by Hull [6] such thought has been made amenable to 
expeiimental cnntiol and quantitative mcasuioment Essentially 
HulTs method is a means of obtaining quantitative data on the occui- 
rence, unclei conti oiled conditions, of verbal i espouses fiom which the 
BubjeeVs use of specified concepts can be infeuecl 

In HulTs expel nnents the subjcct^s task was ostensibly one of 
inemoi izing , each subject was icquued to learn to name drawings, 
piesented to him singly and successively in twelve consecutive senes of 
twelve chawmgs each Houever, the mateiials piesented foi memori- 
zation were so auanged that it was possible for the subject to discovei, 
ns he cncounteicd senes alter senes of diawings, that although in 
different senes the same name was applied to many drawings, no two 
of which weie exactly alike, all those drawings possessed a common 
component lacking in diawings not called by that namo (See Fig 2 ) 
"When the subject, without being piomptcd, coiiectly named a drawing 
on its first appeal ance, he was consideied to have responded to a 
chaiacteustic common to two oi moic diawings, and m that sense to 
have used a concept 

The drawings were adaptations of Cliincse chaiactcrs Some of 
them aie repioduced in Fig 2, which shows how a single ladical, 
eg, any of the figures in the first column, may sene as a 

common component in seveial drawings which, by yiitue of this com- 
ponent, form a class, but which differ among themselves because of the 
materials in which the ladical is embedded As used m the expeii- 
ment, the drawings were arranged m an oidei that varied from senes 
to senes m respect to the embedded radicals 

In the fiist six senes each of the twleve drawings contained a dif- 
ferent radical These Hull called the “evolution’’ series, since they 
served as the basis on which the subjects were enabled to “evolve” the 
appiopnate concepts The leinaming six senes weie called the “test” 
senes In each of these, two oi thiee charactcis containing the same 
ladical were included, and two or three radicals wero necessaiily 
omitted In the six test senes as a whole, however, all the ladicals 
were present with equal frequency This aiiangement in tlie test 
senes was designed to keep the subjecta fiom making coriect responses, 
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moiel} by a inocess of eliiiiination, to thawings they could not othei- 
wibe ha\e idcntifled 

The subjects ^\Lie univeisitv ‘Students, and the geneial pioceduic 
was that known as the method of paiied associates in menioiy expeii- 
ments It is not ncce^saiy to describe this pioceduie heie It is 
sufficient to say that the dia\\ing& ’were piesented in an apparatus 
’wliich exposed them at a mechanically contiolled late, and that each 


Word Concept Pack I Pack n Pack m Pack IV Pack V Pack VI 


00 


# # # ^ ^ # 

YER 



LI 

t! 


TA 



DEG 



LING 




Ftg 2 Half of the radicals used In Hull’s experiment, with their assigned 
nonsense names and some compounds containing each radical (Courtesy of 
Henry Holt and Company*) 


senes presented until the subject had responded to all the diaw- 
ings with ncitliei eiiois noi promptings on two successive piesentations 
of tlie entile seiies At the beginning of an experiment the subject 
was told to Icain the names of the drawings, which were syllables 
adapted fioiu Chinese words Befoie the presentation ot the second 
senes the subject vas told tliat the same names would again be used 
and that he might be able to guess the names ol the drawings xvithout 
being pioinptecl Throughout the six evolution senes a record was 
kept of the coriect guesses on the fiist exposure of each senes and also 
of the number of piomptings the subject received during the successive 
exposuies of that senes The six test senes w^eie then piesented in 
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ium Here the same pioceduie was used except that no piomptings 
weie given and eacli senes was presented thiee times The subject 
thus had three chances to leact coiicctly to each chaiacter in each 
test senes At the end of the expenmont the subject defined the con- 
cepts by di awing them The proceduic just deeciibed was called the 
standaid pioceduie 

The epecial featuie of the method is that it makes possible the 
closely oiganizcd, diiccted rescaich which has been con hasted with 
exploratoiy investigation It is possible, by introducing suitable 
vanations and contiols, to adapt the standaid proceduic to specific 
questions Hull demonstiated the possibilities of the method by 
applying it to sevcial questions, including this one Does the subject 
arrive at a concept moic quickly when the ladical is piesented out- 
right, 01 when he encounters it on diffcicnt occasions embedded in 
different mateiials fiom which he must cxtiicate the common com- 
ponent for himself? 

This question was put experimentally by arranging tlie evolution 
senes so that six of the radicals wcic piesented *Tree,” le, without 
suirounding materials, and the othei six embedded in complex chai- 
acters as in the standaid materials For example, oo was icpresented 
in all the senes by the ladical so named in the first column of the 
illustiation, yO) by drawings m which tlmt radical was an embedded 
component To control possible diffcienccs in the inherent dilRculty 
of the materials, the ten subjects used in this expenment wxie divided 
into two sets of five each, and the materials weic so aiianged that the 
free radicals for one set were the embedded radicals foi the other set 

The quantitative lesults revealed no advantage foi either method 
For example, the number of failuies to lespond conectly in the test 
senes showed no significant differences for the two procedures There 
Avere, however, marked differences in the ability to define the concepts 
by presenting then essentials in diawungB Poi all subjects the diaw- 
ings foi concepts evolved fiom “fiee^^ radicals were distinctly supenoi 
as definitions to those for concepts evolved aecoiding to the standaid 
procedure — supeiioi not only in the opinion of the expeiimenter, but 
according to four judges who independently lated the drawings on a 
scale representing degiees of excellence 

The pioblem was pursued by asking a closely related question 
May not a combination of methods be more efficient than eithei one 
alone? This question was investigated experimentally by ai ranging 
the materials so that half the concepts were evolved acooiding to the 
standard proceduie, and the other half according to the following 
scheme* in the first, third, and fifth seiiee the ladicals weie piesented 
outright, whereas in the second, fourth, and fcixth, they were embedded 
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in accessoiy materials Otherwise, the conditions ^vere the same as 
in the preceding expenraent Ten new subjects performed the task 
This set of conditions show^ed a decided advantage for the combination 
of methods The test senes, for example, gave a highly reliable differ- 
ence in number of failuies tor the tw^o diffeient iinxles of piesentation 
Scveial other pioblems were attacked in HulTs study, but those 
described are sufficient to show that the technique has both the 
precision and the flexibility necessary for putting specific questions 
expeiimentally It is worth noting especially that the variables are 
subject both to manipulation and to contiol The veiy excellence of 
the method as technique, however, calls attention not only to the 
impoitance of technique as such, but also, though indirectly, to the 
fact that technique alone does not produce significant reseaich, tliat 
significant rcseaich is, at bottom, inquiiy into significant pioblems 
In Hulhs study, however, the mam puipose was piecisely that of dexel- 
oping techniques, and the problems, being of secondary importance, 
weie selected merely, or at least chiefly, as convenient means of trying 
out the techniques Consequently, the results of the experiment are so 
many separate facts Foi example, it was deraonstiated with high 
reliability that, in the particular conditions of this experiment, a 
specified combination of methods of presenting the materials for con- 
ceptualization was distinctly advantageous This finding, however, 
cannot be generalized beyond the limits of the expeiiinent, since both 
the logical impUcationa of the question and its relevance to existing 
bodies of knowledge remain unascertained This point is one which 
Hull himself not only admits but insists upon with emphasis It 
would mdeed be grossly misleading not to state m this connection that 
Hull has devoted a large pait of his intellectual career to demonstrat- 
ing the central importance, m expenmental research, of stating the 
pioblem for inquiry exphcitlv and precisely in its context of relevant 
theory and knowledge For examples of HulPs approved methods of 
formulating problems foi scientific mquiiy, the student is referred t-o 
his book, Principles of Behavtoi [0] 


Modifications of Hull's Method 

The merits of HulVs method have made it something of a standard 
pioceduie fm investigating conceptual thinking It has been used 
with modifications by several investigators Kuo [10] modified it 
chiefly by spieading the subject's activities over seveial days and by 
asking *Meteotive” qucBtiona designed to reveal characteristics of the 
process at various stages He, too, used Chinese characters, within 
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\\lucli, duiing the ooui<^e of memonzmg, it was possible foi the subject 
t{) discover 1 adicals common to vaiioiis ^cts of cJmiactoi s The process 
was lengthened by pcimitting the subject only two tiials pei day on 
each set of niatciials, a device which enabled the expoiiincntci to trace 
the coinsc ol events as it developed fiom da} to day Kuo louiul tliat 
pi ogress vas usually gradual, usually fai fiom stiaightfoiwaid, but 
sometiincs maiked by sudden dlsco^enes; and that althougli most of 
the subjects eventually aiiivod at the appropiiatc gcneializatioiis aiifl 
absti actions, some succeeded only paitially and with considcraldc 
assistance, and that otheis comjdetely failed to ninko some of the 
appi opi late gcnei ahzations As Kuo desci ibcd it, the manner in v Inch 
his subjects dealt with symbolic mateiials was icmaikably similai to 
that in which RugeTs subjects dealt with the conciete materials of 
mechanical puzzles Like Rugci, Kuo emphasized the large amount 
of noniational, tiial-ancl-eiroi behavioi his subjects displayed 

Smoke [22] alteied Hiiirs method chiefly by using a diffeient kind 
of expel iinental matciial, discaiding Chinese chaiactois because he 
wished to work, not with "common components*' pciccptibly the same 
fiom instance to instance, but vith ovei-all, non-pictoiial, iclational 
patterns Foi example, one ot the taslcs vas to disco vci that a dav 
IS always a encle and two dots, one inside and the othei outside the 
circle, legal dless ol such vaiiations as the size and coloi of the cucles 
^ncl the particular location of the dots With this inateiial Smoke 
too found a large amount of tiial-and-ciroi bchavioi He emphasized 
especially the subjects' tendency to disiegaid, oi at least not to use, 
the negati\o instances mtioduccd as possible aids to conceptualization 

The Classification Method 

A method very diffeicnt fiom Hull's, but one winch, like his, has 
become a standaid pioceduie, has been extensi\cly used by Hanfmann 
and Kasanin [2] This method, adapted fiom a piocedurc invented 
by Ach, is based on a pioblem of classification The subject is pie- 
rented with twenty-two blocks and is asked to divide them into foui 
gioups The blocks are of five diffeient colors, six different shapes, 
two heights (tall and flat), and two sizes (laige and small) with 
lespect to the area of the top oi bottom Buiface On the undci side 
of each block, concealed fiom the subject, is written one of foui non- 
sense syllables lag on all blocks which aic both tall and laige, mur 
on those which are tall and small, biK on those which are flat and 
laige, cev on tliose which arc flat and small The experimental 
mateiials are shown m Fig 3 

It IS a highly important feature of the method that the subject, in 



oidei to achieve the curiect classification, must coiisbuct the appio- 
pi late concept The blocks cannot be soitcd into four gioups on the 
basis of a single peiceptual featiiie like color, lorm, size, height, or 
any othei chaiacteiistic, eg, volume, that can be named by a single 
word Hence the task encouiagcs depaitme fiom the concietc and 
^^given” and encouiages opeiation at the level of abstraction and con- 
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Fig 3 The blocks presented to the subfect In the Hanfmann-Kasanin Test 
(From [2], by courtesy of the authors and the publishers) 

struction It has been isidely used as a test m clinical piactice and 
also as a means of investigating Goldstein's theoiy [1] that concrete 
and abstiact behavioi lepicsent two qualitatively difierent modes of 
piocediiic, two distinct le\el3 of activity 
The expel iment oi test is begun by piesenting the 'subject with a 
boaid on which the blocks aic placed m landoin older, as in Fig 3 
The pioceduie has been described as follows 

The subject is told that these are four different kmdb of blocks, that each 
kind has a name and that his task is to find the four kinds aud to put each 
of them into a separate comer The evainiiier then turns up one of the blocks, 
snows its name to the subject, and, putting it into one of the comer spaces, 
suggests that the subject start by picking out and putting m the same comer 
all blocks \^hlch he thinks might belong to the same kind After he has done 
so, selecting, for instance, all blocks of the same color or all blocks of the same 
shape as the sample, the experimenter turns up one of the wrongly selected 
blocks, showing that this is a block of a different kmd, and encourages the 
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subject to continue tiying This he may do m any way he pleases, eitlier by 
trjing to match the first or the second sample, or by trying to organize the 
entire material simultaneously into four classes After each new attempt 
one of the wrongly placed blocks is turned, and the process continues until 
the subject discovers the pnnoiple of the classification and organizes the 
blocks aecordmgly, or until the same result is achieved through all the blocks 
having been turned by the examiner in the process of correction In either 
case the subject is asked to fojimihtc the principle of the classification After 
this the blocks are tuiiiCM:! over and mixed up again and the subject is asked 
to put thorn in older once more, this time without any help from the examiner 
This repetition serves as a check as to vvhethei or not the subject has actually 
grasped the principle of the double dichotomy laige or small^ and tall or 
flat, on which the classification is based Throughout the experiment the 
subject 13 encouraged to ^^think aloud'^ and a detailed record is made of his 
and the oxpenmenter^s icmarks, ns well as of all selections made by the 
subject and of all corrections made by the examiner [2] 

The piimaiy concern in this kind of inquuy is not with test scores 
and quantitative measiues, it is with a qualitative analysis of the 
subject^s pioceduic Although two quantitative measuies are avail- 
able and are actually used — the time of the total peifoimance and the 
number of “coircctions” oi blocks turned up — these aio regarded as 
constituting in themselves neither leliable nor significant mcasuiea 
of the subject^s proficiency The quality of the pertoimance is far 
better indicated by the mannei in wdiich the subject arranges and 
learianges the blocks and by his accompanying comments Such 
leactions are used as evidence of the couise of his thinking from 
moment to moment, in paiticulai, of his interpretation of the instruc- 
tions, of the kinds of groupings he attempts, of the hypotheses ho 
employs, of the use he makes of the nonsense woids and of the 
‘^corrections/^ and above all, of whether he treats the blocks simply 
as concrete, individual objects or as representatives of the geneial 
qualities on the basis of which he makes his classification — m other 
words whether the level on which he is operating is concrete or 
abstiact, whether he is woikmg with “things” or with “categories ” 
By observmg the subject’s behavior, the examiner tries to discover 
whether he realizes that the material affords many possible bases 
of classification, whether he has insight into the stiuctui^e of the 
classification as a whole, and whethei, if he has failed to make the 
classification himself, he is able to grasp the pimciplo when the 
experimenter demonstrates the coirect classification. Thus the sub- 
ject’s leactions are inteipieted as indicating degrees of ooncieteness 
and degrees of abstractness, i e , dcgiecs of proficiency within each of 
the two levels 

Partly because the materials call out modes of attack so varied and 
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covering so wide a lango, and partly because the requiied motor 
reactions piesent no difficulty m themselves, the test is suitable for 
subjects of many kinds It has been used with normal people^ both 
children and adults, and with patients suffering fiom mental disorders, 
01 game and functional There is thus a considerable body of e\ideDce 
in the light of which its results may be interpreted In the main, they 
have been reported as indicating that normal subjects are capable 
of both the concrete and the abstract attitude, but that in patients 
suffering from serious brain injuries or fiom certain kinds of functional 
disorders, notably schizophrenia, the abstract attitude is impaned in 
characteiistic ways, and the patient tends to be restricted to the 
concrete level of activity 

The chief limitation of the method is that the lesults are so largely 
dependent on the exammei’s interpretation They emerge less clearly 
as fiee of the examinei’s peisonal impiessions, than do those 

fiom experiments in which, once the conditions have been set up and 
the piocedure set going, the lesults are beyond the experimenter’s 
control and, furthermore, are obtained in units — eg, leactions of a 
specified sort or the effects of such reactions — selected in advance and 
leoorded by devices incoipoiated into the e\penmental piocedure No 
experiment, of couise, yields absolute '‘data’’ “givens’’ entirely free 
from the experimenter’s mtorpretation In the specifically directed, 
closely organized experiments which have been contrasted with 
exploratoiy lesearch, however, data and interpretation aie separable 
in the sense previously indicated Naturally the contiasting methods 
must be evaluated in the light of the needs of the particular problem 
Those who piefer the less specifically directed reaeaich emphasize 
the need for proceduies readily responsive to the changing particulars 
of the actual behavioi under examination They see m the more 
precise but less flexible proceduies a danger that the subject matter 
under investigation may be forced into a predetermined pattern, and 
they believe that this dangei is especially acute m investigations of 
thinking, where much lemains to be discovered and wheie much may 
be overlooked. 


EXPERIMENTS ON SYLLOGISTIC REASONING 

The Syllogism as an Instrument of Study 

The syllogisms of formal logic have also been used as experimental 
materials m investigations of thinking StoiTing [23] conducted 
studies of syllogistic reasomng in which the subjects gave full intio- 
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spective icpoits on the ps\cholngicnl piocesscs by which they ainved 
at conclusions fioin picsented piemiscs Objective tests, too, have 
been used as a meniib ol studying syllogistu tlumght — a device intei- 
esting in itself fioin tlic standpoint of method because it shows how 
standaidized tests, like those commonly iibcd to discos ci facts about 
individuals, may be eraployed as tools foi investigating the pioccsses, 
lather than the individuals, tested Heic the pioneei study is that of 
Wilkins [32], who used as an instiument of leseaich objective tests 
of syllogistic leasoning, espccmlly designed to discovci to what extent 
liability to enoneous concliisiona is a function ot the kinds of 
materials in which the syllogisms aie presented The pioblem arose 
from the eKpenmcutei ’s impiesbion that the use ol abstiact symbols 
is m itself a somce of consideiablo difficulty in formal logic, that 
many people who aic willing to infer from '^all a’a aic b’s” that ^'all 
6^3 are aie m no danger of infciimg fioin ^^all hoises are animals^^ 
that *‘all animals aie hoises” The tests, when applied to college 
students, indicated that syllugibins stated in abstract symbols w^eie 
slightly but significantly moic difficult than those stated in teims of 
concietc mateiials of vaiious kinds Much of the actual laboi of the 
leseaich went into the consti action and standaidization of the tests 
thcmbelves, piocodiiies which need not bo desciibcd heie, but which 
must be emphasized as, fiom the standpoint of method, an extremely 
important pait of the study 

Methods of Analyzing Invalid Conclusions 

Objective tests of syllogistic icasoning have also been used in a 
senes of studies by Woodworth and Sells [34] Their lesearch, 
because of its carefully planned and executed design, deserves some- 
what detailed considei ation Their general pioblem was Why do 
intelligent human beings diaw invalid conclusions, and wliy are they 
more liable to some eiiois than to othcis? What psychological faetois 
account foi these eiioi^s in logic? Their research, however, was 
centered about a far moie specific pioblem, expi eased m a hypothesis 
which Sells attiibutes tu Woodwoith 

Noticing that the false convcise of a pioposition is very bkely to be 
accepted, Woodwoith suggested that the global impression oi general 
atmosphere of an uimnalyzed statement might dispose a peison to 
accept a pioposition having a similar atmosphere, hence to accept the 
simple conveise, time or false Thus, the universal affirmative, ^*all 
a's are 6^5” might Create an ^^all-yes” atmosphoie, disposing a peison 
to accept the converse, “all are a^s,” which also lias an “all-yes” 
atmosphere 
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The outstanding feature of the incjiiiry into this po^'^ibiJity is the 
c\iilicitne=^s with wduch the hypothe^^i*; is stated and dc\ eloped, togethei 
with the exactness with which the experimental conditions arc designed 
to bring out the evidence relevant to the problem it poses Stated 
in terms of the A, E, I, 0 propositions of foimal logic, the basic 
hypothesiB concerning the atmosphenc eftect is 

A univeisal affirmative (nil a*s are bV} has an albyes atmosphere 

E univeisal negative (no a^s are 6’s) has an all-no atmospheic 

I paiticular affiimative (some a^s are has a some-yes atmos- 
phere 

0 paiticulai negative (some are not 6^s) has a some-no atmos- 
phere 

To cover the twm premises of the syllogism, the hypotheses must 
be extended No pioblcra is picscnt when the tw^o premises aie 
alike — if, for example, the syllogism has the form AA or 00 But 
wlien the two pieinises aie clifterent, fur example, A1 oi AE, the mixed 
atmospheic leqiures supplementary hypotheses The following weie 
adopted 

A negative premise creates a ncgati\c atmosphere, even when the 
othei piemise is positive 

A particular (“some”) premise cieates a some atmospheie, even 
when the other piemise is universal 

A systematic investigation of the atmosphenc effect was conducted 
by Sells [21] The hypothesis itself was the most powerful instrument 
of research, but here, as m Wilkins’ study, the construction of a 
reliable test was an mdispenfiable preliminary to investigating the 
problem expeiimentally In Sells’s test all the syllogisms weie stated 
in abstiact symbols and weie ananged on the page m the following 
manner, the letters to the left of each syllogism standing for “abso- 
lutely tiue,” “partly tiue,” “indeterminate,” and “absolutely false,” 
lespectively 

1 AT PT I AF If all x^s are 

And if all z^a are x s 
Then all i’s are y*s 

2 AT PT I AF If no x'h are y’a 

And if all z'b are y*a 
Then some z's are x'b 

The test consisted of 180 items, 128 of wdiich weie logically invalid 
Only the invalid forms were needed to test the hypothesis, but the 62 
valid foims weie included to msuic sound teat piocedure The 128 
invalid items piovided eveiy possible type of occuiience of atmospheie 
effect m foimal syllogistic leasoning The test items weie aiTanged 
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in random oidei, and the test, divided into four equal paits, each pait 
presented in a separate booklet, was given on four successive days 
The legular experimental session was an hour long, but by allowing 
extra time to those who did not finish within the houi, the test was 
made a “power” rather than a “time” test 

The subjects were all educated adults, thoroughly habituated to 
testing procedures No one with tiaming in logic was accepted as a 
subject, a piecaution adopted to piotect the leeults fiom the reduction 
01 elimination of the atmosphere effect by a subject^s application of 
familial lules of foimal logic A fuither precaution was adopted to 
prevent bluinng of the results by a possible ambiguity in the use of 
the woid “some”, the punted instructions included the infoimation that 
this woid 18 used m logic to mean “at least some and possibly all,” not 
“some but not all ” Still anothei precaution was embodied in the task 
itself The subject was lequired to indicate his judgment by encii cling 
one of four symbols, instead of simply maikmg a statement tiue or 
false Though the latter is the logically moie appiopiiate proceduie, 
the multiple-choice lesponse was adopted as psychologically more 
likely to produce caieful judgments, to eliminate guessing, and thus to 
secure maximal reliability In sconng the tests, however, only two 
categoues were used AT and T were included in a single categoiy, 
“Tiue”, I and AF, m a single category, “False ” It will be noted that 
throughout the proceduie special piocautions were taken to minimize 
the lole of chance, such piecauUons being especially necessaiy in 
investigating so subtle and elusive a factor as atmospheic 

Because the experimental design met the lequiiements of the 
hypothesis so closely, the tabulated results reflect the essentials of 
the method with such fidehty that they serve almost as a diagram 
of the plan on which the experiment was based» These results are 
presented in Table I 

In the second column of the table, opposite each syllogistic foim 
indicated m the first column, is stated the form of the conclusion 
favored by the atmospheie according to the hypothesis, and in the 
columns headed A, E, I, and 0 aie given the peicentagea of the invalid 
conclusions belonging to the designated categoues Inspection shows 
that the empirical findings coirespond to the theoretical expectations, 
that for every form of the syllogism the expected false conclusion 
occurred with conspicuously high frequency — m fact, with the highest 
frequency except for the three forms AA, AE, and EA, and even for 
these with frequencies faiily high Further statistical analysis indi- 
cated that the probability that the obtained lesults might occur by 
chance was so slight as to be negligible 

The factor of atmosphere was submitted to fuithei inqiuiy, but the 
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paH of the experiment just described illustiates the distinctive fea- 
tures of the method Essentially this method consisted in constructing 
a hypothesis, working out its implications m terms of concrete situa- 
tions, and discovering whethei the theoretical expectations w^erc 
confirmed by empuical facts obtained under conditions especially 
designed to test the hypothesis 

TABLE I 

PEBCBNTAaE OP InVAUD CONCLUSIONS ACCEPTED IN TesTS OF SylLOOISTIG 

Reasoning 

(Solis's data rearranged for presontation m Woodworth Ezpenniental 
Psychology j 1938) 


PromisoB 

Presented 

ConcluBion 
Favored by 

Invalid Conclusion Presented 

^ ... ....wA - - ^ 

Atmosphere 

A 

E 

I 

O 

AA 

A 

58 

14 

03 

17 

EE 

E 

21 

38 

25 

84 

n 

I 

27 

0 

72 

38 

00 

C 

14 

16 

38 

62 

AE 

E 

11 

61 

13 

63 

EA 

E 

8 

64 

12 

09 

AI 

I 

33 

4 

70 

32 

lA 

I 

36 

15 

75 

36 

AO 

0 

16 

26 

42 

70 

OA 

0 

13 

83 

28 

75 

El 

0 

8 

40 

22 

02 

IE 

0 

11 

42 

22 

63 

EO 

0 

13 

29 

29 

44 

OE 

0 

16 

31 

24 

48 

10 

0 

12 

19 

31 

64 

01 

0 

11 

28 

33 

71 


METHODS OF STUDYING THINKING IN ITS CONTEXT 

But does not a laboratory experiment impose artificial conditions 
that inevitably alter the course of thought as it ordinarily occurs? 
Basically the answer to this question is Yes, of course It la the 
very nature of an expenment to be artificial m the sense that the 
experimenter does not merely obseive a course of events as it cornea, 
but interfeicB with it in such a way as to make it reveal facts and 
relationships tliat would otherwise remain hidden (See Chapter 1 ) 
This reply, however, fails to reach an important implication of the 
criticism How does one know whether the factors discovered m a 
special set of conditions have any relevance beyond the conditions m 
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which they T\eie obtaiiiecl? Is there any way of chscoveiiiig likc- 
nessob and difteiences between laboiatoiy and extia-Iaboiatoiy 
thinking? 


Analysis of Protocols and Reports 

One pu^'Sibility is to tuin to the accounts that some poisons, among 
them such distinguished thmkeis as Helmholtz [3] and Poincai6 [18], 
have given of then own modes of thought Anothei is to make special 
inquiries into the habits of work of gifted thinkeis, like those made 
by Toulouse [20, 27] in his studies of Zola and Puiucaid Still 
anothei is to question thinkers diiectly, as Rossman [19] questioned 
inventois and as Platt and Bakei [17] questioned chemists Some- 
times there is an exceptional oppoitunity foi studying an exceptional 
case In one of his books Weithcimci [31] discusses, on the basis of 
a long senes of unhuiiied conveisations on the subject, so extiaordi- 
naiy a coiiise of thought as that which led Einstein to his theory of 
lelativity Patnek [15, 16] attempted a inoic ducct method of com- 
paring laboiatoiy and extia-laboiatoiy thinking, iiidiiciiig poets and 
paiiiteis to do cicative woik undei conditions m wdiich cxpciimontal 
investigation was appioximatecl Tlicie arc obvious weaknesses and 
clangers in all these pioccdtiros, but in spite of cliffcient theoietical 
appioaches by diffcicnt mvestigatois, coneideiable agieement can be 
found on certain aspects of the geneial couiae of thought, along with 
striking individual diffeicnces among the thinkcis studied Some of 
these studies have been inteipietcd as giving evidence for the four 
stages of cieative thought outlined by Wallas [28], namely, prepa- 
lation, incubation, illumination, and veiification 


Importance of Studying Thinking in Its Context 

Fiom many points of view psychologists are bccoramg incieasingly 
aware of the importance of studying the wider context in winch think- 
ing IS found They have long iccognized the impoitance of its genetic 
and phylogenetic histoiy Indeed, as is apparent fiom expeiiments 
repoited elsewhere in this book, somo of the most effective w^ork on 
the psychology of thinking has been done with children and animals 
as subjects Psychologists have lealizecl too that thinkeis must be 
studied in the context foimed by othei psychological processes, among 
them those that constitute the needs, desiies, and urges of the oigan- 
ism Problems in this field have usually been attacked fiom the 
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standpoint of motnation, lathei than from an inteiest in thinking 
itself Attempts have been made, too, to study thinking in its social 
and cuituial setting This most recent broadening of this field ot 
inqiiiiy has been strongly influenced by the social sciences, especially 
ciiltuial antinopology For example, Jlalinowski [12], a pioneer in 
this field, has shown that a language is laigely determined by the ways 
of life in the cultuic of which it is a part — a fact of gieat significance 
in the psychology of thinking because a pei son’s language influences 
the veiy way in uhich he peiceiyes and undeistands his woild, pliysi- 
cal and social, and hence some of the unconscious assumptions on 
which his thinking opeiates In the United States studies of the 
social stiuctuie of eommunities, such as that made bj 'Wainci and 
Lunt [29] of a New England city, and nation-uidc suiveys by means 
of public-opinion polls haye indicated that ceitain convictions, biases, 
and opinions are related in icgulai ways to such factors ns social and 
economic status and legional residence and are in that sense reflec- 
tions of the cultuie in which they occui These studies suggest possi- 
bilities foi discoveiiiig some of the non-iational factois that may 
deteimine the outcome of thinking and, presumably, its couise 


POSTSCRIPT 

This account, although far from complete, is sufficient to indicate 
the kinds of methods now available for scientific inquiiy into thinking 
The evidence is cleai that thinking, whatever its natuie, is too com- 
plexly and obscuiely determined to be piofttably conceived of as 
essentially a conacioKS process, sufficiently open to direct inspection 
to justify introspection as the sole oi CAen the majoi means of inves- 
tigation For this leason the course of research on thinking has been 
marked by the development of devices for attacking the pioblem 
indiiectly, le, foi arianging conditions in ivhich the main experi- 
mental data consist of observed hehavxoi and behavioral achieve- 
ments, either symbolic oi diiectly motor Some of the methods aie 
broadly exploiatoiy, some specifically directed and closely oiganized 
On the whole, the trend has been tow'ard methods wheieby behavioral 
data are secured under conditions in which specified determmants of 
the behavioi undei investigation may be mjeired fioin specified 
reactions or specified achievements 

It would be misleading, howevei, to close this account without 
Btatmg explicitly that these methods, however effective in specified 
conditions, have led to little knowledge of thinking that is at once 
bioadly significant, solidly grounded in fact, and unequivocal m 
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meaning It ^^ould he misleading, too, to omit the suggestion that 
this state ot affairs may be due, not so much to a Jack of suitable 
procedures, as to failure to ask effective questions Effective ques- 
tions imply effective conceptions of the situations investigated, and 
at best such conceptions aie foimulated as definite theones which 
establish the mam lines along which leseaich is diiected Psychology, 
of couise, does not lack theoiies of thinking, but none of these theories 
has as yet led to expeiimental data on the basis of which thinking has 
been explained in a raannei acceptable to all who aie competent to 
judge Perhaps, in reseaicli on thinking, the special need at present 

15 an adequate conception of the problem itself At any rate these 
leflections call attention to the fact that in the actual woik of science 
expel iinent and theoiy aie intimately connected and that scientific 
research is more than the manipulation of techniques — it is basically 
an inquny into significant pioblems 
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Chapter 5 


Psychophysical Methods 

L L. Thurstone^ 


The Problem of SubjecHve Measuremenf 

Psychopliysics is tliat branch ot psychology which is concerned 
with subjective measuiement Obviously a subjective unit of meas- 
urement IS lequired Psychophysical theoiy is conceined with tlie 
logic of subjective measuiement [8], and psychophysical methods 
aiD conceined with cxpoiimental pioceduies 
In Older to illustiate the diffciencc between the psychological con- 
tinuum and the physical stimulus continuum, let us consider an 
expenment in the diffcientiation of lifted weights, which has been 
investigated by hundicds of cxpeiimcntem The expeiimental subject 
18 piesented with a large assoitment of small cylmdeis, all of them 
equal m size and appeal ance but different m weight He is shown 
two of these cylinders which diller markedly in weight, and they aio 
designated as standaids foi this expenment Then the subject is 
asked to select one of the other weights that seems to be midway 
between the two standaids When the subject has satisfied himself 
that he has found a cylmdei whose weight maiks the midpoint 
between the standards, the three cylmdeis may be compared as to 
their ^^actuaP’ weights AVhen the inteivals aie expressed in grama 
or othei physical units, it is found that the lower interval is smaller 
than the uppei one In other woids, the subjective oi psychological 
continuum is not the same as the physical continuum Measuiement 
on the subjective continuum will b^ denoted 5, and measuiement on 
the physical continuum will bo denoted R ^ The experimental 
method just described is called the method of mean gradation 
Psychophysical problems can be divided into several classes Per 

1 Charles F Grey, Distinguished Service Piofessor of Psychology, University of 
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haps the most fundamental of these is that in which eacli one of a set 
of stimuli IS allocated to a point in the subjective continuum without 
lefeience to physically measurable attributes In a closely i elated 
class IS the problem of predicting what people will do in terms of the 
subjective values of a set of stimuli If their subjective values for 
a set of neckties aie known, how many of the subjects will select a 
particular necktie as then first choice in any given assortment of 
neckties? Another large class of problems is concerned with the 
1 elation between the subjective and the physical contmua We shall 
see that this i elation is known as Fechner^s law One of the oldest 
types of psychophysical problem is that of determining the physical 
stimulus inclement which the subject can just baiely peiceive This 
increment is called the just noticeable difjeience Since this is the 
simplest of the psychophysical pioblcms, wc shall stait with the 
concepts and the experimental methods that have been used for 
determining such stimulus inciements. 


The Limen 


The physical stimulus continuum is represented by the veitical Ime 
in Fig 1 If the subject is being exammed as to his ability to diffei- 
entiate fine differences in the 
lengths of lines, then the stim- 
ulus unit might be the centi- h Terminal stimulus 

meter If he is exammed as to 
his ability to diffeientiate fine 
diffeiences m pitch, then the 
stimulus unit would be cycles 
per second The highest stim- 
ulus magnitude that the sub- Difference Ilmen t 
ject can perceive is called his 
tei mxnal stimulus or terminal 
threshold 

In one type of expeiiment, |i| 

the object is to determine the * 

smallest stimulus difference 
that the subject can peiceive Absolute Ilmen fo 
With a given standard i?,, the 
expel imenter determines that Fig 1, 
stimulus threshold Rt which 

the subject can just baiely differentiate from the staiidaid The magni- 
tude of Rt IS called the differential threshold foi the given standard 
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- Differential threshold Rt 


— Standard R, 


'Absolute threshold Rn 


- Zero stimulus 
The physicol stimulus continuum 



The stimulus mciement roquiicd fm cliscnmmation is called the diffej- 
ence hmen t 

Sometimes the object is to deteiminc the smallest stimulus magni- 
tude that the subject can perceive Vaiious small intensities aie then 
tiled to find the absolute threshold J?o, which is the smallest stimulus 
intensity that the subject can identity The increment between aero 
stimulus magnitude and the absolute thioshold Rq is called the 
absolute hmen Tlie absolute thieshold iio the absolute limen 
to aie numerically identical 

Another well-known problem in psychophysics is to deteimine the 
two-point threshold This is the smallest distance between the two 
points of a special compass, called an estheswmete^ , which the subject 
can just barely diffeientiate as two distinct points Foi smaller 
sepaiations between the compass points, the subject reports that 
he feels only one point Foi further dcsciiptions of the two-point 
threshold, see page 260 

We have described the hmen heio as if it might be a sharply defined 
stimulus increment, but such is not the case The subject vanes 
from moment to moment in his sensitivity and attention, so that it 
usually becomes necessaiy to define the limen as a statistical measure 
We say then that the limen is that stimulus magnitude^ or that stimu- 
lus difference, which the subject can disci iminate in a specified 
proportion of his attempts In some expeiiments this proportion is 
set at 60 per cent, whereas in othcis it is set at 76 per cent, or higher 
It IS customaiy to define the absolute threshold as that stimulus 
magnitude which the subject can identify m half of his attempts The 
difference limen, however, is usually set at a higher proportion, such 
as 76 per cent, because otherwise the subject would be riglit in half 
of his attempts merely by guessing which of the two stimuli is the 
higher 


THE MAJOR PSYCHOPHYSICAL METHODS 
Method of Reproduction 

One of the simplest psychophysical methods is called the viethod of 
reproduction or the method of average error The essential feature 
of this method is that the subject tiies to repioducc the magnitude of 
a presented stimulus For example, he is shown a straight line on a 
large card, which is placed at a specified distance in front of him, 
and 18 given a large sheet of paper with instruction to draw a line of 
exactly the same length If he makes, say, one hundi^ed such 
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attempts, then his pcifoimance can he analyzed to determine how 
accurate it is 

In answeiing the question of how accuiately the subject can repio- 
duce the presented stimulus, we encountei m the subject’s peiformanee 
two kinds of eiior, which are investigated sepaiately m many psycho- 
physical experiments One of these is the constant euor, which is 
also called the systematic eiior Another type is the variable eiior, 
^\hlch measures the sensitivity of the subject 



In Fig 2 we have a representation of the results obtained by the 
method of reproduction The length of the piesented standard line 
IS denoted i 2 , (the distance between the origin and Rg) A distribu- 
tion cuive IS obtained fiom the large number of separate attempts by 
the subject to leproduce the standaid line The mean of this dis- 
tribution 18 denoted Rm If the length of the standard line i?, and 
the average length R^ of the lines by the subject aie unequal, then 
the disci epancy is a measure of the amount of ovei estimation or 
underestimation This discrepancy is also called the crude constant 
error c In the example of Fig 2 we mfei that the subject ovei- 
estimated the standard line because his average line is longer than 
the standard R^ The ciude constant enoi can be defined by the 
relation c “ Sm — Rg 

The consistency of the subject, sometimes also called the sensitivity, 
IS measured by the dispeision of the distiibution of his attempts The 
standard deviation cr may be used to denote the amount of dispersion 
In analyzing psychophysical data it is common to make a formal 
assumption that the subject’s reproduction R is determined by two 
components his average amount of ovei estimation or underestimation 
c and his variable error v at the moment of drawing a particular line 
The formal result is then that his reproduced Ime R ^ Rg -h o + v 
Of course, we do not really believe that the degree of overestimation, 
positive or negative, is truly constant, but the result is treated as if 
it were the sum of one component that is constant, the constant enoi 
c and another component v that is variable from moment to moment 
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Theic IS an important limitation in the method of lepioduction, 
namely, that the stimulus magnitude lepioduccd by the subject is 
dctei mined in pait by his ability to poceive the stimulus and in part 
by his musciikn coo)dmation in lepiodiicing the standaid stimulus, 
eithei by (hawing a hue, as in the piesent case, oi by manipulating 
Bomc appaiatiH that contiols the stimulus magnitude of his icpio- 
ductions In psychophysical studieb wc aie usually mteiestcd in the 
subject’s ability to pciceivc the stimulus, and hence the effect of his 
mubculat coouliiiation is olten a chstiacting and iiielevant element in 
expenments with tins method In many situations, however, this 
method is the natiii al one An example is the psychophysical analysis 
of target piactice wheie we are inteiested in good lesults, no mattei 
what the peiccptual and musciilai components may be Heie it is 
useful to know the constant erior, both m diiection and in amount, 
and also the vai lability of the lesults ovei the taiget 


Weber’s Law and Fechner’s Law 

The two best-known laws of psychophysics aic Wcbei’s law and 
Feclmei’s law These two laws aie ficquently confused, and they 
aic then desciibed in a gcncial way as the Weber-Fechnei law, as if 
tlicy WGie essentially the same law The explicit foimulation and 
expel 11 nental verification of these two laws will be described heie 
Tlieii theoietical and experimental sepaiation will be described in 
a latei section m connection vith the concept of the disci iminal 
dispeision 

The oldei law is that of Weber, who stated compaimg mag- 
nitudes, it IS not tlie aiithmetical diffeicnce, but the ratio of the 
magnitudes, which we peiceive*’ [27, p 430] This law states what 
IS well known in piactical obs( 3 rvation In judging two suitcases as 
to which IS the heaviei, it is the latio of the two weights that deter- 
mines the ease with which we can pciccive their differ ence If their 
diffeience is only a few ounces, then it is unnoticed If two letters 
differ by the same number of ounces, however, we easily peiceive the 
diffeience In the case of the lettcia, a few ounces altei their weight 
latio very markedly, whereas a few ounces have no significant effect 
on the ratio of the weights of the suitcases If a loom is lighted by a 
single candle, then wc notice readily the addition of a second candle 
because the light is then doubled The addition of a single candle 
to a well-lighted loom is unnoticed, howevei, because the two bright- 
nesses are practically the same This puuciple seems to be general 

Let us attempt to make an explicit scientific statement of Webei’s 
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law eo that it can seive as a guide to what w^e actually do in the 
laboiatoiy in trying to veiify this law*^ We seek, then, an opeiational 
statement of Weber’s law" Merely to say that it is the latioa of the 
stimuli that w'e notice lather than then actual differences does not 
say just what to look foi in the laboiatoiy The statement will be 
impioved if w"e say that the difjeience limen is a constant action of 
the sti??iubis But the subject compaies tw"o stimuli Whicii stimulus 
magnitude shall we take as the denominator? We can resolve this 
ambiguity by taking the avciage of the two stimuli aa a standard 
Then our statement would read the difference between two stimuli 
which can be just baiely peiceived u a constant fraction of then 
aveiage magnitude When w"e come to the expeuments, wc find that 
this stimulus diffeience is not stable Any fixed small diffeience is 
perceived by the subject in some tnals and unnoticed m other trials 
The greater the difference, the inoie often wull the subject notice it 
In fact, we aic dealing with an expeiimentally continuous function 
which has no “jumping-off place^^ that can be called a hmen The 
piopoition of correct judgments rises continuously with increase in 
the stimulus diffeience Hence we must state Weber’s law in terms 
of the 1 dative fiequency of correct judgments that we lequiie m a 
definition of the limcn This difficulty can be resolved if we state 
Weber’s law in the form, P = C Here C is any specified propor- 
tion of correct judgments except zeio and unity Let ua take some 
arbitral y value, such as C “ 075 If the stimulus value R is 100 
grams, we may find that KR is 103 grams, as expeiimentally detei- 
mmed The constant I is then 1 03 If we find that the value of L 
IS the same foi all values of R, then we have veiified Weber’s law 
foi the constant C — 0 75 If w"e find that the relation also holds 
for all peimissible values of T, then this formulation of Weber’s law 
IS expeiimentally veiified [12] 

The constant (k — 1) as called Webei’s ratio This ratio is about 
1/100 for brightness, and about 1/30 for lifted weights The smaller 
values of Webei’s latio indicate the greatei sensitivity The ratio 
IS much highei for loudness, for which human perception is lather 
coarse Webei’s law has been found to hold fairly w^ell over the 
major pait of the stimulus range, but it breaks down toward the 
terminal stimulus values The law also fails near the absolute 
threshold 

In considering the metliod of mean gradation, we noted the dis- 
tmction between the psychological or perceived continuum and the 
physical or stimulus continuum A weight that seems to us to he 
midway between two standard stimuli is not ordinarily midway 
between them in number of grams The relation between the sub- 
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joctive continuum S and the physical continuum R has been found 
expel mien tally to be logaiithmic in shape, and hence the i elation can 
be desciibed by the empirical equation S k log 72, wheie fc is a param- 
eter that vanes with the natuic of the stimuli and the expeiimental 
conditions Although psychophysics is piimanly concerned with 
mcasuiement m the subjective continuum S, it deals aho with the 
iiiteiesting i elation between the subjective and the physical contmua 
This 1 elation is expiessccl m Fechnei’s law In the case of limen 
deteiminationb, we aic dealing with the relatively simple pioblem 
of expressing a just noticeable subjective diffcience m the coiiespond- 
mg physical continuum 

Two differences between these laws should be noted The two laws 
aie expressed as follows 

Prkih = C'; S = A log R 

(Weber) (Foohner) 

It can be seen by inspection that Fechner^s law deals explicitly 
with the psychological continuurn, wheieas WebeTs law says nothing 
explicitly about S Anothei conspicuous differentiation is in tlie 
stimulus incieraents with which they deal A diflcicncc that is barely 
perceptible is called a Ixmxnal diffeicnce Lai go stimulus diffeiences 
which aie easily pciccived are called supralimuial difjci cnees Veiy 
small differences about which tlie subject would noaily always be in 
doubt aie called subliminal differences Now, with icgard to the two 
psychophysical laws, note tliat AVeber’s law^ 13 always conceined with 
Iimmal and subliminal diffeiences, whereas Fechnei^s law has no 
Imitation in this regaid If the difference between two stimuli is 
supialiinmal, then the subject can always distinguish them, and his 
piopoition of collect discriminations is unity AA^ebei’s law is con- 
cerned with stimulus differences that aie small enough so that the 
subject has some difficulty in distinguishing them Undei certain 
conditions, to be descubed later, the two laws can be verified m the 
same set of expeiimental data, but undei other conditions one of these 
laws can be satisfied when the other one fails [13, 24, p 383] 

The earhCi statement of Weberns law — that we peiceive the latios 
of stimulus magnitudes and not then absolute differences — can be 
interpretated as implying the logarithmic 1 elation of Fechner^s law 
directly, but expeiimental work on AA^ebei's law has been universally 
lestricted to the relation betw^cen the difference limen t and the stimu- 
lus magnitude R It is thereby lestiicted to limmal differences We 
shall see that there is good leason for separating these two pioblems, 
namely, (1) the functional relation between the subjective and the 
physical contmua, and (2) the ease of discrimination between two 
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stimuli The fiisfc is the logarithmic lolation that has become known 
as Fechner’s \rw The second pioblcin is markedly affected bv the 
stimulus ambiguities to be described later 


The Stimulus Error 

In 01 del to imdei stand some problems in ps\chological measuie- 
ment, it is essential to be able to obser\e one’s own mental pioccsses 
This requiies a psychological point ot view which dilTeis finm that 
of judging the pioperties of physical objects Wlien the ‘^ubjeet tues 
to guess whethei a weight actually is midway between two standaid 
weights, we say that he makes an object judgment He tiies to 
describe the physical pioperties of the object When he leports 
whethei a weight seems to he midway between tw'o standard weights, 
as expeiienced, and without refcience to the nuinbci of giams oi 
ounces, then we say that he makes a sensory judgtnent He tries to 
describe his sensations AVhen the subject is asked to make a sensory 
judgment and yet reverts to the more naive object judgment, he is 
said to commit the stirmilus eno) Then he pays attention to the 
physical stimulus, although he is asked to leport sensory or perceptual 
intensities [ 1 ] 

It has been found that the accuiacy of object judgments can be 
improved with practice Foi example, a giocery clerk may be so 
well practiced that he can estimate the weight of a piece of cheese 
with considerable accuracy Similaily, a postal clerk may be able 
to judge the requned postage for a letfei by merely lifting it Such 
individuals would piobably find it difficult to seive as subjects in 
psychophysical expeiiments if they were lequired to make sensoiy 
judgments m the range of tlieii experience They have learned to 
describe peiceptual intensities S in teims of the corresponding physical 
magnitudes It 


Method of Limits 

One ot the relatively simple methods of determining the limen is 
the method of limits, which is also called the method of minimal 
change Tins method wull be described separately for the detemina- 
tion of tlie absolute thieshold and for the difference limen 
In the expeiimental proceduie foi the absolute thieshold the subject 
18 first presented with a single stimulus of veiy low intensity, so that 
lie cannot identify it The stimulus is augmented by the experimenter 
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in successive step*? until the subject icpoits that he does peiceivc it 
This IS the a^ceridmg seiies of jucigiuonts Then the cxpenmenter 
presents to the subject a stimulus which is definitely bupialimmal, 
and the stimulus is altered by successive decie- 
ments until the subject rcpoits that he no longei 
poiceives it The subject gives a report of pies- 
ence oi absence of the stimulus foi eacli setting 
This 18 the descending series of judgments 
In Fig 3 we ha^c a diagiaminatic lepicsenta- 
tion of the ascending and the descending series 
of judgments The plus sign rcpicsents a posi- 
tive judgment by the subject, and the ramus 
8ign lepiesents fniluic to identify the stimulus 
The ascending senes starts ^Ylth a low stimulus 
intensity, which the subject lads to identify 
It 18 augmented in steps untd the subject lepoits 
that he does perceive it This stimulus is maiked 
plus foi the ascending aeiies Midway between 
Fig 3. Judgments of the last two settings wo have the ascending 

Smg^serles forab^ ^^^cnsity J?., which is m this case 

solute thresholds, identical with the ascending limen ta as shown 
in the diagiam 

A aupralimmal stimulus which the subject definitely identifies is 
then presented It is alteied by successive decicments until the 
subject lepoits that he fails to perceive it This last intensity is 
marked ramus The midpoint between the last two settings is 
lecoided as the descending threshold 12^, and this is identical with the 
desceTiding limen td The absolute threshold Iq is then taken as the 
average of the ascending and the descending Iimens In piaotice, the 
experimenter piesents a number of ascending and descending senes, 
the average of which is taken as the absolute thieshold Formally, 
we have 

Rn Rd ^ ia + td 

to = ' — 2 , or /o - — — 

The difference limen is determined by this method in a Birailai 
manner The subject is presented with two stimuli, which are called 
the standaid stimulus and the variable stmuhis respectively The 
subject la told which of the two stimuli is the standaid and which is 
the variable He is told, fuither, that the variable stimulus will be 
altered in magnitude by the expenmenter in successive increments, 
and that he ib to judge for each setting of tlio vaiiable whether it 
seems to be (1) lower than the standard, (2) equal to the standard, 
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01 (3) higliei than the atandaicl Tho^sC aie called three catego}ie 3 
of judgment It is also explained to the subject that the initial setting 
of the vaiiable will be quite lo^\, so that it can be easily difteientiated 
fiom the standard, and that the vaiiable will then be augmented m 
successive steps until it exceeds the 
standaid This is called the ascending 
senes of judgments 

In Fig 4 we have a diagiammatic 
lepresentation of the method of limits 
for the detcimmation of a diffeience 
limen The low^ initial settings of the 
vanable stimulus arc maiked minus 
because the vanable is then easily seen 
to be lower than the standaid Aftei 
seveial increments the subject leports 
that the two stimuli seem equal The 
midpoint between these tw^o settings is 
denoted Ria for the lowci a‘'ccnding 
thieshold Aftei seveial increments 
duiing w^hich the subject reports equal- 
ity, he finds one stimulus which he 
lepoits as greatei than the standard 
This is marked plus The midpoint 
between the last two settings is denoted 
Rua foi the upper ascending thieshold 
The standard stimulus magnitude is 
denoted Rg in the figure The upper 
and lower difference limens aie devia- 
tions fiom the standard and aie denoted tua and tja respectively A 
similar diagrammatic representation is shown for the descending 
senes 

Fiom data collected in this manner, three determinations are made 
The difference Itmen is the aveiage of the four limens, ascending and 
descending, upper and loiver We have then foi the limen t 

^MO + ild + tui)t 

or 

t ==* y4:{Rud + Rua Rid ^ Rla) 

The point of subjective equality Re is that variable stimulus magnitude 
which seems, on the average, to be equal to the standaid This is 
taken as the aveiage of the four thiesholds, and we then have 

Rq "" VliRud -h Rua + Rid -h Rla) 
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Fig 4 Judgments of ascend- 
ing and descending series for 
differentia) tliresholds 



Tlic cuido cunstant ciior c is the diffeioncc between the standaid 
Htimulus value and the point of subjective equality We have then 

0 lifj 7?3 

Both the figures for this method have been diawn so as to lepiesent 
a usual effect m the method The ascending thiesholds aie shown 
highei than the descending thiesholds The explanation is piobably 
that the subject tends to letain the catcgoiy of judgment which he has 
been giving until the conditions have been sti etched somewhat beyond 
the tiuc thicshold This eftcot is called habiHiation The opposite 
cfiect IS sometimes obseived when tlie subject gives the next categoiy 
of judgment eoonei than is expected by hib tlueshold This effect is 
called evpectatwn The moic common effect is habituation It seems 
likely that individual diffeiences in this effect have a tempeiamental 
ougin Psychophysical diftciences niiglit be investigated in the search 
fui objective indices of pcisonahty 


The Constant Method 

For the puiposc of making a limen dcteimination, the experimental 
pioccduie should preieiably be such that the subject has no knowledge 
as to which stimulus is being inci eased oi dcci cased In most cases he 
should be unawaie of any distinction between the standaid and the 
vanablc stimulus because this distinction is laigcly a matter of book- 
keeping foi the expeiimentei As fai as the subject is concerned, the 
two piesentcd stimuli should be coordinate, and his task sliould be 
ineiely to judge which of them has moie ^-ncss, wheie x is any stimulus 
attribute that is to be judged The constant method satisfies tlaeso 
piefeired conditions 

The subject is presented with a senes of pans of stimuli and is 
asked to specify foi each pan whethei a designated stimulus is the 
stronger or the weaker For analytical pui poses the two stimuli are 
called the standaid and the variable The subject may be allowed 
either two oi thiee categones of judgment If he has two categories 
of judgment, then he judges that the stimulus A is greatei than B, 
or that it is less than B If he has thiee categones of judgment, then 
he judges that stimulus A is gieatei than B, equal to B, or less than B 
The stimuli A and B may be defined as light and left, or fiist and 
second These two seta of mstiaictions, for two or thiee categories 
of judgment, will be dcsciibed separately 

When the subject has responded to a laige series of comparisons of 
the standard with different values of the vaiiable Bt,, then the 
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lesults can be lepresented graphically m ^hat is knoT\n as the psycho- 
metric function, which is illustiated in Fig 5 AVhcne\oi the vaiiablc 
stimulus IS much gieatei than the stanclaid, then the subject retuins 
a large piopoition ol judgments > it!,, and hence the curve ^'laiger'^ 
uses with increasing values of the \aiiable stimulus The curve for 
judgments ^^smallei” is the complement of the cui\e for judgments 
'daigei ” The sum ot the oidmatcs for these t\^o cuives equals unit}'' 
foi all values of the variable stimulus The point of subJectl^ e 
equality Rc is that value ol the vaiiable stimulus which ib defined by 
the intci section of the tuo cuives at the level P 0 60 The constant 
error c is the difteiencc between the standard stimulus Re and the 



Variable stimulus 

Fig, 5, The psychometric function (two categories of judgment) 


value Bq The semitivity is represented by the slope of the ciuve, and 
hence it may be measiued by the standaid deviation of tlie distribu- 
tion of judgments ^‘largei ” Because of symmetry, the two cuives 
have the same dispersion The dotted cuiwe at .1 is steeper, and hence 
it would lepiesent a subject with gi cater sensitivity and lower hmen 
One common measuie of the sensitivity is the distance between the 
standaid stimulus and that vanable stimulus foi which the psychu- 
metiic cuive has an ordinate of p - 075 Tins is the inclement 
which must be added to the standaid stimulus in oidei foi the subject 
to make the correct disci imination in thiee-fourths of his attempts 
This increment is denoted tu m Fig 5 In a similar way the lower 
hmen U is defined as that decrement below the standard stimulus 
which the subject diffeientiates coirectly in three-fourths of his 
attempts This measuie of the lower hmen is also shown m the figure 
Because of the constant erroi, the upper and lower Iimens are not 
necessarily equal 
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If the subject has been allowed three categoiies of judgment, then 
the lesiilts can be lepicscnted giaphically by the psychometric cuives 
of Fig 6 The equality judgments arc called the intei mediate category 
of judgment The two iisyehometiic curves then inteisect below the 
median line The iippei thieshold is defined by the inteisection 
of the curve foi “laiger’^ with the median line, as shown The lowei 
thieshold is defined in a eimilar way horn the psychometric ciiive foi 
judgments ^'smallei The midpoint between tliesc two thiesholds is 
taken as the point of subjective equality or this value may be 



Fig 6 The psychometric function (three categories of judgment) 

defined by the intersection of the two curves These determinations 
for Ro are neaily the same The diffeienco limen can be defined as 
the standard deviation of eithei cuive, oi it may be defined as half 
of the inte) val of uncei tainty which is the difference between the 
uppei and lower thresholds Much has been wiitten about the 
detailed methods foi deteimming a limen fiom the psychometric 
curves, and the question has been the subject of more contioversy 
than it is worth 

The question of whether to use two oi thiee categoiies has also been 
much debated [4] This question is quite easily resolved in terms 
of the purposes of the experimeutei If he wants to find the limen 
of a paiticulai subject for a paiticular kind of sensoiy discrimination, 
then he should use only two categories of judgment If he uses tliiee 
oategones, then the cautious subject will icport equality when he is 
unceitam or when he does not give the necessary effort for a decision 
A moie confident subject will give decisions with a minimum of 
equality judgments Consider what happens to a limeu determination 
if the subject avoids the inteimediate category altogether, either by 
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intention or by tempei ament The interval ot unceitamty U m Fig 6 
then disappears altogether, so that the cur\ es look like those of Fig 5 
The uppei and lower hmens then vanish, and the mterpietation is 
that the subject has infinite sensitiMty, ^hich is absuid The detcimi- 
nation is then markedly affected by tempciamental chai actenstics 
which aie irrelevant for the senaoiy limen On the othei hand, if the 



Vanable stimulus 


Fig Skewness of the psychometric function. 

purpose of the investigatoi is to study the experience of equality, then 
he should use three categories of judgment The lesult might give 
an objective index of some cliaiacteiistic of temperament, or of the 
sensory toleiance of the subject, but not of hie limen 
Because of the many hundreds of expeiimentol studies with the 
constant method, there has been considerable interest m the shape 
of the psychometric cur\^e It has often been assumed that the cui ve 
IS symmetric in the sense that the upper and lower limeus aie essen- 
tially equal, but this assumption has been shown to be erroneous on 
theoretical grounds [20] The psychometxic curve is positively 
skewed, as ehown m Fig 7 The positive skewness of the psycho- 
metric cuive vanes with Weber's latio For keen c^iscnramation 
where the ratio is, say, 1/100, the skewness is very slight, so that it 
can be ignored Foi coaise discnmmation, such as for loudness oi 
smell, the skewness becomes conspicuous [5, 14] 


Space and Time Errors 

The prefen ed psychophysical methods usually involve the presen- 
tation of two stimuli foi the subject to compare The perception of 
two stimuli usually requires that they be sepaiated in space over the 
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sensitive suilace of the icceptoi for simultaneous presentation, oi that 
they be sepaiated in time foi successive picsentation Because of 
this cii cumstance, it i^ difficult, with two stimuli, to avoid the eftects 
of spatial 01 temporal scpaiation 

When two stimuli aie piesented visually with tlie constant method, 
they aie displaced so that one ot them is to the right and the other 
to the left, 01 one is above the othei When the compaiison is made, 
it happens not mficqiiently that the subject tends to ovei estimate, or 
underestimate, the stimulus to the light, oi to the left The lesult is 
a constant euoi which is then called a space eiioi Whenevei the 
constant eiror is of consideiabie magnitude, one usually looks foi an 
explanation m the experimental situation 

When the two stimuli aie piesented in succession, there is a fiequent 
tendency foi the subject to undei estimate the flist stimulus Since 
the constant enoi is then due to the tempoial displacement, it is called 
a time erroi Much experimental work has been clone on the nature 
of the time enoi [27, pp 438^49] When a subject makes a com- 
paiison between two successive stimuli, he is in effect coiupanng the 
second stimulus Tvitli the memory of the first one Thcie seems to 
be a tendency of his memoiy foi tlie first stimulus to i egress toward 
the mean of the whole set of stimuli in the expeiimcnt, oi even toward 
the mean of the same geneial class of stimuli in the expeiieiice oi the 
subject* 

In some expel imcnts the constant eirois, cither space errois or time 
errors, aie irielevant foi the mam purpose They can be eliminated 
or Ignored m some situations by picscnting the same stimulus m some 
trials to the right and m some trials to the left, or sometimes fiist and 
fiometunes second This is called counte) balanced oulei of presen- 
tation In other expciimenta the constant eiroi is the mam object 
of investigation, as in measuring the magnitude of an illusion An 
illusion IB an error in perceptual judgment The cause is usually that 
the subject tiics to judge one thing but is unwittingly affected by other 
things If the object is to measure the size of the Mullcr-Lyci illu- 
sion, then the ariow of the figure may be to the light m half of the 
piesentations and to the lelt in the othei half In analyzing the 
experimental results, one can determine separately the magnitude of 
the illusion foi the expeiimental subject and his tendency to over- 
estimate the stimulus on the light oi left side In some experiments 
a constant erioi is introduced by differences m movement when the 
subject tends to make stiongei movements towaul the light or the 
left side, Such a constant enoi is called a movement enor, 
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Method of Paired Comparison 


In the constant method a single stimulus is chosen as a standaid 
and IS compared ^ith all the stimuli in the expeiimental senes If 
theie aie n stimuli in the senes, then theie aic n. distinct compaiisons 
to be made, oi in — 1) comparisons if the standard is not compaied 
with itself In the method of pan eel compansoii e\eiy stimulus is 
compared with every other stimulus, and hence there are compaii- 
sons, or 7i(n— 1) comparisons it each stimulus is not compaied with 
itself [24, 26] As legaids expeiimental pioceduie, the constant 
method is a special case of the method of paiied conipaiison The 
method of paiied compaiison can be used foi the purpose of making 
limen deteimmations in uhich evciy stimulus serves in turn as a stand- 
ard, but we shall considei it heie for the more fundamental pioblcm of 
establishing a metiic foi the psychological continuum 
When the subject has made a laigc numbei of comparisons for each 
pair of stimuh, the leeults can be anangecl m a square tabic of experi- 
mentally obscived proportions, like Table I The entry 
example, shows the piopoition of the subject^s judgmental 
m the attiibute that uas judged Such n table can be aiianged foi 
any attribute ^ about which the subject can say, "'A is than B ” 
The geneial element in this table may be denoted p}i It shous the 
propoition of judgments m which j exceeds k in the specified attribute 


TABLE I 

Fobm yOB THB Mbthod OF Paibeo CoMPAftisons 



1 

2 

3 


ft 

1 

0 60 

pn 

pl3 

— 

pin 

2 

psi 

0 60 

p33 

— 

P2n 

3 

P31 


0 50 

— 

P3n 

— 

— 

— 

Pfk 

0 60 

— 

n 


pn2 

Pn8 

— 

0 60 


The problem is to allocate each of the n stimuli to a point on the 
lineal subjective continuum which repiesents tlie differential experi- 
ence of the attribute x [6] Since only two categoiies of judgment 
aie implied in this tabic, we have the lestnction that pjj^ ^ I - pj^j, 
and, m geneial, the diagonal elements aie 0 60, since we eliminate 
the constant erioi by counterbalanced order Hence, thcic aie 
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n(n-’l)/2 cxpciimentally independent values which should be 
consistent \Mth a set of ?i subjective scale values, one foi each stimulus 
For 20 stimuli, the pioblem is then to account foi 190 expeiimentally 
independent propoi tions by 20 scale values 
In solving this problem it has been found necessary to distinguish 
between two kinds of stimulus series, namely, those in which the 
stimuli are homoffeneozis in that they diflfci only in a single attiibute, 
and those in which the stimuli aie hetc) ogeneous in that they differ 
nccessaiily m attiibutes additional to the one which is being studied 

In auditoiy cxpeiiments the attribute 
that IS specified for compaiison may be 
pitch In a homogeneous stimulus senes 
we should have puie tones that diffei 
only in pitch If we want to compare 
noises as to their pitch, howevei, then we 
are necessarily dealing with a hetero- 
geneous stimulus series It has been 
found that for homogeneous senes a 
Bingle parametei oi scale value Sj can be 
assigned to each stimulus so that the 
obseived pioportions are accounted foi 
A heteiogeiieous stimulus senes lequiies 
two paiameteis for each stimulus, 
namely, a mean scale value 5/ and a 
measme of subjective dispersion orj 
Consider the two contimm, J? and Sj 
which are represented in Fig 8 A par- 
ticular stimulus 18 represented by a 
point on the R scale, determined by its 
physical magnitude The apparent or 
subjective magnitude of this stimulus on 
a particular occasion is lepresented at some point jSo on the S scale 
The stimulus It i is perceived with different apparent magnitudes S on 
different occasions Let be the median apparent magnitude for the 
stimulus This apparent magnitude is mediated by a process of 
unknown natuie which may be considered to be psychical or physio- 
logical or both, depending on philosophical preferences We shall call 
this process the modal discn?ninal process foi the stimulus Ri The 
allocation of this discnmmal piocess on the subjective continuum will 
be denoted Si On any particulai’ occasion the stimulus Ri may be 
perceived by other processes, such as the dtscnminal pzocess denoted 
So It will be assumed that each discnmmal process is the modal proc- 
ess for some stimulus magnitude The physical magnitudes and the 
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Fig 8 Discrimlnal disper- 
sions of two stimuli 


coUesponchng average modal processes aie covaiiant, and foi e'veiy 
physical magnitude theie is a conesponding modal discuminal piocess 

In order to intioduce a subjecti\e metric foi the diacrimmal 
processes, we make the hypothesis that each stimulus projects a 
normal frequency distribution on the subjective continuum By this 
we mean that the disci immal piocesscs aie so separated that the 
distribution of frequencies with which they are experienced in lesponse 
to the stimulus is noimal We aie fice to define the S scale 
aibitranly in this manner for any given stimulus, but it becomes an 
experimental factw’hether the frequency distiibutions for otliei stimuli 
would then also be normal Since the subjective quality of a single 
stimulus cannot be communicated, the expeumental veiification must 
be mdiiect 

Having defined the S scale m such a mannoi that the stimulus Ri 
projects a Gaussian distribution, we next define the disci irainnl 
deviation d as the linear separation between S and the scale value Si 
This sepal ation is detei mined by the relative frequency witli which 
jS is experienced when Ri is peiceived The standaid deviation of 
the S values is ai 

We now introduce another stimulus magnitude Rj as shown in the 
figuie The modal disci iminal process foi this stimulus is denoted 
^ 2 , and it is again assumed that this stimulus piojccts a noimal 
distribution on the subjective continuum, but not necessaiily with 
the same dispersion If the second stimulus is of such a nature that 
it IS perceived more consistently as to its apparent magnitude on 
successive occasions, then it will project a smallei dispersion on the 
subjective continuum It will be described as a stimulus of lower 
ainbigmty or dispeision The subjective dispeisions aie denoted o-i 
and £72 lespectively If one of the stimuli is chosen as a standaid, 
its subjective dispersion may be defined as the subjective nnit of 
measm einent [8, 18] 

It IS assumed that, if the discuminal piocess for R^ is higher on tlie 
S scale than the discrimmal process for R 2 on the particular occasion 
when they aie compared, then the subject will return the judgment 
Ri > R 2 When this lelation is leversed on the subjective continuum, 
then the subject letuins the opposite judgment, namely, i ?2 > i?i If 
this pair of stimuli is presented, together with other stimulus pans, 
for a large number of compaiative judgments, then the proportions of 
judgments, can be experimentally determined It can be shown 
by statistical reasoning that 


Sj Sk = XjiiV — 2) 

whem Sj and St are the scale values of the modal diacrimmal piocesses, 
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iji 16 the deviation fiom the mean of a nonnal distribution, determined 
by the piopoition pji of judgments > i?/, (tj and (r^ aie the disci imi- 
nal dispel sions of the two stimuli, and is the correlation between 
the scale values of the discnminal pioccsses 

This equation is the laio of comparatnfc judgment^ by which each 
stimulus can be allocated to the subjective continuum The validity 
of this law 18 sustained if it is found that a set of consistent scale values 
Sj and subjective dispei sions aj can be found by this equation such 
that they account foi the expciimen tally obseived propoitions of com- 
paiative judgments The nunibei of stimuli in the expeiiincntal senes 
must be long enough so that theie is a much laigei numbei of experi- 
mentally cletcimmed piopoitions than theic aie paiamctcis to be 
detci mined In ordei to make the pioblem soluble, it is usually 
assumed that the coiiclational term vanishes The correlations can be 
estimated separately by the method of successive intervals, but most 
expel imenta aie so ananged that the correlations can be assumed to be 
negligible 

In the simplest case the disci iminal dispei sions are also assumed to 
be equal, so that the law of compaiativc judgment reduces to the 
simple foim 

which is known as Case V of this law [18, 24] In this case it is 
assumed that the cxpeiimentaliy observed piopoitions can be accounted 
foi by a single parameter Sj for each stimulus This can ficquently be 
clone, but it la occasionally necessaiy to deal with two paiameteis for 
each stimulus, namely, the scale value Sj and the subjective dis- 
persion (Tj 

Although the law of comparative judgment is easily applied to the 
stimuli of classical psychophysics, the more generally mteiesting appli- 
cations aie those which involve social, moial, and esthetic values, 
opinion polls, and consumei prefeiences One example of the meas- 
uiement of social distance and lacial pieferences will be given here 
Several hunched students weic presented with a schedule in which they 
weie asked to check one of each pair of nationalities oi laces to indi- 
cate with which they would lathei associate [19] The lesultmg 
tabulations weie analyzed by Case V of the law of comparative 
judgment It must be recognized that the preferential values weio 
determined, not only by the nationalities and laces involved, but also 
by the paiticulai groups of subjects, as well as the time at which then 
pieferences weie expressed Students in othci countiies and at differ- 
ent times would return different subjective values It is of interest 
that the aveiage disci epanoy between the cxpeiimentaliy obtained 



proportions and those which aie implied by the computed •scale values 
wa& only 0 03, even with the simplifying assumptions of Case V ^ 

It has been assumed m some eailier psychophysical studies that 
^^equally often noticed ditfeienrcs aie equal,” but it can be shown that 
the discrimmal dispeision may have a seiious cftect on this assump- 
tion In Fig 9 we have lepresentcd the 
discrimmal dispeisions of three ‘Stimuli 
on the subjective continuum in which 
Sa ^ Sb Hence p^n — 0 60 Stimulus 
A has a large dispersion, so that the sub- 
ject peiceives high values in it on some 
occasions, and low values on othei occa- 
sions The proportion of judgments 
A > C wull be high but not unity, because 
these two subjective distributions ovei- 
lap The pioportion of judgments B > C 
will be unity, because stimulus B is never 
perceived as below C Here the scale 
separations (A — C) and (B — C) aic 
equal, but their frequencies of discrimi- 
nation aio not equal Hence we conclude 
that equally often noticed cliffeiences aic 
not equal if the stimuli have different 
dispersions Tlie assumption is valid, 
however, when the dispeisions are uni- 
form 

The law of comparative judgment 
takes no cognizance of the physical stim- Fig. 9 Discriminal djsper- 
ulus mtensity or of any othei physical ^ three st\nnull 

measurement except relati\e fiequeucy 

of compaiative judgment Hence it can be used to define the subjec- 
tive continuum for a stimulus senes which has no knowm physical 
measure as to the designated attribute A senes of handwiitmg speci- 
mens, foi example, can be compaied as to their lelative degrees of 
excellence T^vithout reference to the fact that this attribute has no 
known physical measure One application is in semantic studies of 
cognitive and affective woid meanings The cognitive content of 
farnom and Tiotoiious is piactically the same, but they diftei in affec- 
tive connotation These difteiences can be measured wuth the law of 
comparative judgment Foi each experiment it is necessary, howevei , 
to verify the applicability of the law by showing that the scale values 
S and the discrimmal dispersions a actually do account foi the much 

® For moi'e complete dibcussion and bibliography, commit [8] 
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laigei numbci of expeiimcn tally obseived compaiafcive judgments 
This mteinal consistency must be demonstrated for each kind of appli- 
cation befoie we can speak of subjective measuiement, as distinguished 
fiom mere rank order 


Method of Equal Appearing Intervals 

In this method the subject deals directly with the psychological 
continuum, which is lepresented by a seiies of successive intervals 
He IS asked to assign each one of a seiies of stimuli to one of the 
inteivals If he does this a nuinbei of tunes, or it a group of subjects 
do the task with one complete sorting for each subject, then each 
stimulus will have a ficquency distribution m the successive equal 
mteivals The scale value Sy of each stimulus is the mean of its dis- 
tnbution, and the standaid deviation ay is called the ambiguity of the 
stimulus as legaids the attnbute that is being appiaised 

A well-known example of this method is the Sanfoid weight expeii- 
ment [7, p 154] Some envelopes aie weighted so as to represent a 
fairly wide lange The subject is instructed to soit the envelopes into 
five i)iles, so that the successive piles seem to bo equally spaced 
When all the subjects have done tins task, the mean scale position 
5y can be detei mined foi each envelope Fechnei’s law can then be 
tested by plotting the scale positions 5/ against the coirespondmg 
weights Rj in giams The plot is usually logaiithmio 

The method of equal appealing mteivals has a methodological 
limitation in that it does not provide a test of internal conaiatenoy, 
as in the method of paiied compaiison It has been found that, when 
the scale values obtained by the method of paued compaiison are 
compared with those of the method of equal appealing intervals, theie 
IS a disoiepancy, especially toward the ends of the scale, and this has 
been called tire end ejject Since the method oi paued compaiison has 
a check of internal consistency, and since it agrees well with the 
method of rank older (to be desciibcd), it is assumed that the dis- 
tortion of the end effect can be attributed to the method of equal 
appearing mteivals [9] The method is used in experiments where 
it is sufficient to have approximate estimates of subjective values 
The subject easily understands this method, and the task for a long 
stimulus senes can be completed m a relatively short time The 
method of mean gradation, which has been described, is a special case 
of the method of equal appealing mteivals because the total subjective 
inteiwal between two stimuli is there merely bisected 

For the purpose of appraising some types of educational results, 
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there have been constructed a number of 'product scales Such a scale 
consists of a giaduated sequence of specimens which represent suc- 
cessive degrees of general excellence Examples are the appiaisal of 
geneial excellence of handwriting [17], freehand lettering, English 
compositions [10], and some types of shop work Although judg- 
ments of this kind aie frequently made with some confidence and 
consistency, the judges usually find it difficult to identify the objective 
components that determine their total appraisal The construction 
of a handwriting scale will be used as an example of this type of 
psychophysical pioblem 

In the constiuction of a handwiitmg scale, one starts with a large 
collection of liandwiitmg specimens The subjects who participate m 
the construction of the scale soit tlic specimens into a senes of, say, 
ten subjectively equal intervals On the basis of such experimental 
data, the mean scale value of each handwriting specimen can be 
leadily determined Those specimens which have unusually large 
dispersions aie eliminated because they aie the ones about which the 
judges disagiee as to general excellence From the lemamdcr, one 
can select an evenly giaduated sequence of specimens to constitute 
a desciiptive scale fur judging geneial excellence of handwriting [17] 
Each specimen that is to be appraised is then desciibed by the number 
of the standard to which it is equated 


Method of Suaessive Intervals 

In the method of equal appearing intervals, the subject is asked 
to sort the stimuli mto mteiwalB that are subjectively equal Even 
though the subject does not lealize it, this task is difficult The 
intervals toward the ends of the scale tend to become subjectively 
larger than the intervals in the middle range This end effect is 
caused partly by the fact that the total subjective lange tends to 
shift during the sorting piocedure The method of successive intervals 
18 expeiimentally similar to the method of equal appearing intervals 
The subject is asked to make the intervals successive but not neces- 
saiily subjectively equal The successive intervals may be denoted 
merely by successive numeials, or they may be defined by descriptive 
terms oi pliiases whose successive chaiacter is leadily admitted by 
the subject at the start of the experiment By this simple experi- 
mental method, the scale values S and the discrimmal dispersions cr 
may be determined for the stimuli The method is especially useful in 
studies of consumer preferences which mvolve judginente of a large 
number of forms of a product 
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Method of Rank Order 


When the subject has arianged a set of stimuli in rank order accord- 
ing to any designated attribute, we do not have enough information 
to transfoim the lank ordeis into psychological measuiement When 
the number of stimuli is quite large, the lank oideis aic sometimes 
transmuted into a scale, on the assumption that the gioup of stimuli 
represent a noimal distiibution in the designated attiibute Foi 
any given set of numbers, oi lank ordcis, it is always possible to define 
a scale quite aibitiaiily, so that the given set of numbeis, oi rank 
ordeis, leprescnts a noimal distribution on that scale But nothing is 
proved by doing it 

When a gioup of subjects has placed a set of stimuli m lank older, 
we can determine, foi each pan of stimuli, the piopoition of judges 
who ranked one highci than the othei If a subject placed foui 
stimuli in the lank oidei B, D, A, C, then we can extiact foi him six 
sepaiate compaiative judgments In each of the six following judg- 
ments, the fiist is lankcd higher than the second We have theu BD, 
BA, BC, DA, DC, AC If these judgments aie tabulated foi all sub- 
jects, we can deteimine the pioportion of judgments 'V higher than 
for every pair of stimuli With these data we can pioceed with the 
method of paired compaiison [21] The method of pniicd comparison 
IS theoietioally supenoi to the method of rank cider, but lank oidcr 
IS expenmentally much easier foi the subject and m gencial less 
fatiguing Compaiison has been made of these two methods when 
the same subjects lated handwriting specimens m pans and also in 
lank order. The agi cement was found by Kate Hevner to be voiy 
close [9] 


Method of Single Stimuli 

In most psychophysical methods there is a preference for the judg- 
ment of a stimulus in direct comparison with anothex stimulus oi with 
a group of stimuli In the method of single stimuli, however, the 
subject gives a clesciiptive lating of each piesented stimulus [2, 25] 
He IS asked to say for each stimulus whether it seems laigc oi small, 
or he IS asked to apply one of seveial desciiptive words to each stimu- 
lus In tins method the subject must keep m mind his own standaid 
It has been lound that this standaid tends toward the average of the 
presented stimulus series The method of single stimuli can be vaued, 
and m one of its foi ms it becomes similar to the method of successive 
intervals. The motliod of single stimuli does not ordinal ily imply 
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the calculation of scale values and disper^^ions, as in the method of 
successive inteivals The method is sometimes called the method of 
absolute judgynent 


Method of Judgment Time 

In eaihci psychophysical studies it was found that the tune for 
discnminatoiy judgment was longest foi the most difficult comparisons 
wheie the physical differences were smallest If judgment time is 
plotted against physical stimulus diffeience, the lesult is a falling 
curve that approaches leaction time as an asymptote It is possible to 
use this 1 elation inversely, so that the psychological difference is 
inf ei led fiom the average response time [ 3 , 16 ] The relation must be 
calibiated foi each type of stimulus 

The negative i elation between ph>sical stimulus difference and 
1 espouse time is of some general interest It is conceivable, for 
example, that individual differences in this oiirre may be of significance 
in judging the tempcj anient ot the subject Some subjects letard 
conspicuously in judgment time when the physical diffeience becomes 
small and hence more difficult This psychophysical relation may be 
characteiistic of subjects who ha\e difficulty m making up their minds 

In leaniing experiments it is customaiy to use the number of correct 
lesponses for each trial as a numeiical index of leaining Complete 
learning is then indicated by a peifect score withm the time limit 
allowed for each association The method of response time can be 
used for measuimg uveilearning If learning continues aftei perfect 
scores are obtained, the additional Jeaming can be easily shown m 
teims of the continued i eduction m response time, which becomes then 
an index of overleaming It is to be expected that the rate of forget- 
tmg will be affected by the amount of overlearning beyond the fiiat 
perfect lesponse 

The development of psychological test theory has unfortunately 
been separate from that of psychophysics, in spite ot the fact that 
many of the underlying concepts are similai or identical This has 
been due to the fact that the two branches of psychological leaeaich 
have been cairied out by different groups of men In the psycho- 
physical method of lesponse time, ^ve have one of many examples of 
the close iclation betw^een psychophysics and test theoiy The ability 
of a subject to do a certain kind of task is fiequently indicated by 
the speed with which he can do it, and the difficulty of a task is some- 
times aibitianly defined so that the distribution of ability m the 
population is normal The power 8001*0 of an individual as regards a 
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certain kind of task is that degiec of difHculty of task ^^hlch he cafi 
do without piessme of time, but all expeiimental pioceduies must 
be finite in time allowances 


APPLICATIONS OF THE PSYCHOPHYSICAL METHODS 
Measurement of Affective Attitudes 

An attitude lepresents a icstiiction of some kind m the manner in 
which an object is regaided In dealing with social attitudes we con- 
sidei primarily the affective attitudes towaid debatable issues Foi 
the purposes of measuimg affective social attitudes, wc postulate an 
affective continuum with a neutial point Positive affect lepiesents 
appetition oi favoiable attitude towaul a psychological object, which 
may be any object, peison, or idea Negative affect lepiesents avei- 
Sion or unfavoiable attitude toward the psycliological object m 
question The purpose of attitude measuicment is to assign each 
individual to this affective continuum, as legaids his positive or 
negative attitude towaid a specified psychological object X 

We limit ourselves m the present case to those psychological objects 
about which a person can exptess approval oi disapproval in various 
degrees of intensity, winch aio lepiesented by his position on the 
affective continuum If we want to know how strongly a man feels 
for or against some psychological object X, we can piucced in seveial 
ways We can ask him, and then note the Bticngth of his fiee expres- 
Bion for or against X We can watch hia oveit actions in relation to 
X, or we can piesent him with a list of statements of various degi^ees 
of intensity of affect foi and against X to see which he endorses 
Such a list 18 an attitude scale The separate statements are called 
opinions, but our inteiest may be to deteimine the person’s strength of 
approval or disapproval of X, which we call his attitude, lather than 
merely to tabulate endorsements and rejections of sepaiate opinions 

The constiuctiou of an attitude scale staits with the name, phiase, 
or symbol which constitutes the psychological object This object 
must be something about which people debate quite freely A lather 
long list of opinions is then collected so ag to include various degrees 
of both positive and negative affect about X, as well as neutral 
opinions. A group of readers sorts the opinions by the method of 
equal appearing intervals or the method of successive intervals 
These readers aie told merely to considei the question, ^^How strongly 
do you think somebody would feel for or against X if you heard him 
make this statement?” It should be specially noted that the opinions 
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of the readeis themselves have nothing to do i\ith the ease They 
are asked meiely to consider where somebody else who made these 
statements would be on the afiecti\e continuum The main requiie- 
ment foi the leadeis is theiefore that they be able to lead English 
With data of this kind one can deteimine the scale value S/ and the 
dispeision aj for each opinion The opinions with laige dispersion 
aie eliminated because they contain some ambiguity as to affective 
meaning Fiora the lemaining opinions, an equally graduated sequence 
IS selected to constitute an attitude scale The scoie of an individual 
who recoids his own lesponses on such a scale is intended to lepresent 
the stiength of affective attitude toward the psychological object X 
Within the limitations of the psychophysical method used, the intervals 
of such a scale can be regarded as roughly equal With a schedule 
of this kind, it is possible to construct a frequency distribution of 
affective attitude towaid a specified object for a given group of sub- 
jects It 13 then legitimate to inquiic about the shape of this distribu- 
tion of affect At the beginning of a political campaign this dis- 
tribution may be unimodal, but during die course of the campaign 
it may bo expected that the distribution of attitude becomes biraodal, 
especially if the issues are hotly debated Psychophysical problems 
of general inteiest are involved here 
Many attitude scales have been constructed, and their interpreta- 
tions have been frequently debated One of the recurring issues is 
whether a man’s overt behavioi is a better guide to his attitude than 
what he says on an attitude scale It is sometimes supposed that overt 
conduct is the ciitenon against which an attitude scale must be vali- 
dated, but this 18 erroneous. If we really want to know how a man 
feels about some debated question, then the best piocedure is probably 
to learn what he says to hia intimate friends when he is not pubhcly 
observed or quoted His overt actions may be guided by adminis- 
trative, social, or political expediency What he says on an attitude 
schedule may, similarly, be determined by the personalities of the 
examiners and onlookers and those who might quote him Both these 
indices are fallible if the issue is at all cntical Even when the verbal 
and overt mdices agree, they may both be wrong In general, it is 
probably easier for people to express their likes and dislikes verbally 
than to commit themselves to the corresponding overt acts Attitude 
schedules can be used with confidence only in those situations where 
there is no strong pressure, explicit or implied, to influence veibal 
expression Occasionally a man expresBes himself with apparent free- 
dom even when he is in a conspicuous rainoiity, but all studies m this 
field must be interpreted with due regard to tlie social piessures that 
influence both veibal expression and oveit conduct 
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The question has been laised whethei an attitude scale, consideied 
as a psychological measuring device, is itself influenced by the opinions 
of the teadeis who detei mined the scale values of the opinions by 
SOI ting them It this should be the case, then the inteipietation of 
the lesultmg fiequency di&tiibutioiis of attitude scoies would be 
limited by the chaiactenstics of the standaidizing gioup of leadeis A 
collection of opinions about the Ncgio was sorted independently by 
tliiec groups of subjects a gioup of noithcin wliites, a group of 
noithern Negiocs, and a gioup of southein Negioes The thioe lesult- 
mg attitude scales were lineaily related, and they diffcied only in the 
allocation of the neutial point An attitude which was considered by 
the noithern whites to be neutral in aftect was consideied by the 
Negroes to be slightly negative This displacement of the neutial 
pomt was pi edicted The fiequency distnbutions of attitude obtained 
fioni the three scales weie the same except foi the origin [11] 


Measurement of Effects of Propaganda 

For many problems in social attitudes it is siiflicient meiely to count 
the lelative fiequencies of endoisement of particulai piopositions oi 
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Fjg. 10. Frequency distributions of scores on a measure of attitude toward 

the Negro 


opinions befoie and after presentation of piopaganda material For 
such problems the scaling of attitudes is not necessary On the othei 
hand, if it J3 desired to desciibe the shift m a frequency distribution 
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of attitudes which is caused by propaganda, a metiic is required, and 
an attitude schedule is then indicated ^ 



Fig* 1 1. Two sots of scale values for seriousness of offenses* 


Many expeiiments ha\c been made to study quantitatively the 
effects of propaganda One experimental method is to compare the 
attitude scores on a schedule befoie and aftei piesentation of propa- 

** A distinction should be noted between leaU and schedules A test is a device 
for appraising an mthvidual m respect to some attnbnte, and it la implied that 
the subject does not have voluntary control o^er the appmisal An attitude 
scale 18 not a teat m any sense becaufie the subject is in complete control of the 
responses Similarly, personahty schedules and interest schedules should not 
be called teats 
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ganda mateual Fjgute 10 slun^3 the ficquency clifetnbution ot scoies 
on a sclicdule of attitude to\\aKl the Negro The high school students 
who paiticipatcd saw the film “Biith of a Nation" at a local thcatei 
A few days attei seeing the film, they weie given a paiallel iuim of the 
same schedule Attei 5 months they wcie gi\en a thud schedule on 
the same issue The figiue shows the striking cftcct of this film in 
making the students less fnendly tow aid Ncgiocs The third dis- 
tribution shows that only half of the olTect had wotn off attei 5 months 
The thice lefei to the means obtained Expeinnents have demon- 
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Fig, 12, Distributions of affective judgments toward Chinese, before and 
after seeing a moving picture 

atiated a summation effect with seveial films When a single film was 
inadequate to demonstiate a statistically significant shift in attitude, 
a sequence of seveial such films showed a significant summation 
effect [23] 

The paiied-coinpanson method is piobably moie sensitive in meas- 
uring shifts in attitude than the attitude scales Figuie 11 shows 
two sets of scale values for seriousness of offenses These offenses 
were presented ni pairs, with instruction to check one of each pan to 
indicate which was the moie serious Two such schedules weie pre- 
sented, one before and one after the presentation of a film depicting 
the life of a gambler, The problem was to asceitain the effect of the 
film on the attitudes of school children towaid gamblers It can be 
seen in the figure that the only significant shift m scale value was that 
of ^'gambler” This oxpoiimental audience of school childi’en con- 
sidered gambling to be moie senous after Bcemg the film Similar 
experiments have been made to determine the effect of films on the 
international attitudes of student audiences Figure 12 shows the 
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effect ot a film in making the student audience more friendly towaid 
the Chinese 
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Fig, 13 Shifts In Infernatlonal attitudes by three newspapers during a period 

covering World War U 

The paychophysical inethods can be adapted as a historical method 
A tabulation was made of editorial comments about Germany and 
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about Fiance for the penod 1910 to 1030 These weie soiled by a 
gioup of leadeis, as m the consti action of an attitude scale Mean 
scale values weie then plotted against time in oidei to aeceitain the 
shift in attitude, as lepiesentecl editoiially, duiing the 20-yeai peuod, 
which included AA^oild AA^ai I Figuie 13 showb the shifting attitudes 
toward Geimany and Fiance beloie and during this war, as well as 
the giadual lecovciy of piewai attitudes after its conclusion It lias 
been suggested that such shifts in international attitudes be used as a 
soit of baiomctei of impending ciises A similai psychophysical 
study was made of Chinese editoiial attitudes toward the Japanese, 
and vice vcisa, befoie those countries weie at wai [16] 


The Prediction of Choice 

So fai we have been concerned with the pioblem of allocating each 
stimulus to the subjective continuum with regaid to a specified attri- 
bute In the simplest case, such as that ot lifted weights, the physical 
measuic of weight is easily ascei tamed for each stimulus In more 
complex situations there is no known physical incasiiie to repiesent 
the attiibute completely Such a case is that of liandwnting excel- 
lence, which can be judged with some confidence but cannot be leadily 
measured m pliysical teims In still moie complex cases, the attribute 
to be judged lias no available physical mcasuie An example is affec- 
tive or piefercntial judgments about moral and aesthetic values The 
law of compaiative judgmeut enables us to allocate a stimulus to the 
subjective continuum quite independently of whether theie exists any 
physical measme at all 

We turn now to the obveise psychophysical problem The obveise 
pioblem IS to pi edict what people will do in terms of the affective 
scale values and dispeisions of the stimuli AAHien the scale values 
and dispeisions aie known for seveial competing psychological objects, 
what pioportion of the population will tlien vote foi a paiticulai 
object as then fiiat choice? This is a new and fascinating field foi 
theoretical and expeiimental inquuy The obveise problem will be 
mtioduced with an example 

Consider a group of six candidates who are competing foi elective 
office, and assume that then popularities aie exactly the same, namely, 
Sj Assume, furthei, that candidate A does or says something for 
which half of the electors dislike him, and the other half like him, so 
that his disoiiminal dispersion becomes much larger than that of the 
othei candidates, who will be assumed, in this hypothetical example, 
to have negligible dispeisions If all the candidates letain the same 
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average popularity, then a jiaiied compaiison schedule of picforences 
would show pioportions of 0 50 for all possible paii*^ of candidates 
Fiom such a table one might infer that the candidates would divide 
the votes evenly, but such is not the case At election the moie vari- 
able candidate would diaw half of the votes, and the other candidates 
would diaw only 10 per cent each Hence the more vaiiable candidate 
would get the jiluiaJity When a tie threatens between two candidates 
wlio aie equally populai, it can be shoi\n that the more variable can- 
didate can win the plurality by intioducing a third candidate, even if 
the new candidate is less populai than eithei of the two It seems 
likely that this piinciple 13 knowm to practical politicians [22] 



Fig, 14 Booth In psychophysical laboratory for taste experiments in the 
Quartermaster Food and Container Institute for the Armed Forces in Chicago 

(Tlib photograph woi token by Dr Franklin W DoV«, Chief, Food Accoplance Retearch Branch of 
the ImtlhJte ) 


In the study of consumer preferences the manufactuiei is inter- 
ested m pleasing every consumer If a number of commodities or 
designs are submitted to consumers foi latiiig, tlie scale value and 
the dispeision can be determined for each commodity or design If 
it 18 desired to select, say, ten designs foi the market, it would be an 
error to select the designs with the ten highest scale values To do so 
might please some people with several designs each, and leave the rest 
dissatisfied The designs should be chosen so as to maximize the 
number of first choices, which are determined paitly by the scale 
values and dispersions and also by the correlations of affective values 
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among the designs Tiiib psychophysical problem can be solved with 
the method of successive mteivals 
In the manufacture of food pioducts, it has been found that human 
subjects can identify and i eject food by ciiteiia that escape chemical 
and bactciiological tests It is foi this leason tlmt tlie United States 
Aimy has established a food acceptance laboratoiy foi making taste 
comparisons of food pioducts Figure 14 shows one of the booths in 
this psychophysical laboiatoiy The coloi of the food specimens can 
be controlled by color filteis Food pioducts aie lieie studied in 
ioimal taste coinpansons to dcteiniine their relative acceptability tor 
diffeient ingiedients, duiation and tempeiatuie ot stoiago, and various 
contameis 


CONCLUSION 

This chapter on psychophysical methods introduces the section of 
this book which is devoted to the methods of studying peiceptual and 
scnsoiy phenomena In leading these later chapteis the student will 
find many i of ei cnees to psychopJiysics, a discipline whicli is funda- 
mental to the pioblem of measiucment m psychology 
The basic concepts of measuring subjective plicnoinena have been 
tieated with desciiptions of the majoi and representative methods 
of classical psychophysics In the section on applications it has been 
pointed out that the psychophysical methods tianscend the older fields 
to whicli they have been applied, and that they have become poweiful 
tools m the solution of important pioblems m political and social 
behavior, as well as m merchandising and inaiket icsearch 
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Chapter 6 


Studying Perceptual Phenomena 

James J. Gibson^ 


Eveiy student of psychology knows that his awareness of the world 
13 completely dependent on the activity of his sense organs, although 
sometimes lie does not realize that this is a startling fact and not a 
commonplace one He tends to take for granted the familial world 
which he sees before him, not realizing that in all its aspects and in 
every detail it is appiehcndcd only because his sense oigans are 
functioning, and that if these functions failed for any leason, so also 
W'ould his awareness of the world 

The succeeding chapters will desciibe the study of the sensory 
mechanisms winch make possible this apprehension of the environment 
It 18 obvious, however, that these mechanisms do not fully account for 
the experience of the concrete world The woild is a good deal moie 
than a mattei of coloia and sounds, of warms and colds, of tastes and 
smells and feelings It is also a matter of surfaces and shapes and 
distances and objects, not to mention friends and sunsets and symbols 
and nations How does the organism come to be awaie of these 
concieto and significant things, as distinguished from the more 
abstract and unfamiliar ones with which sensory psychology is con- 
cerned? Such featuies of the world are tiaditionally classified as 
perceptions lathei than sensations, and it is with the investigation 
of these that the present chaptei deals 


SENSATION AND PERCEPTION 

A generation ago it was still possible to teach a faiily simple doctrine 
of the lelation between sensation and peiception The experienced 
world was thought to be built up out of elementary sensations, sup- 
plemented by images of past elemental y sensations, A perception, 
lAssooiato Professor of Psychology, Smith College 
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then, was a complex of elemental \ pioces^e^?, combined oi fu*5ed in 
some way not wholly understood, and logically distinct fiom the 
elements which made it up This cUsUnchon has been ovei thrown in 
recent years It has become cleai to most psychologists that there m 
no way of deciding wdiethei a given experience is elemental y The 
conception of elemental y units of mind, therefoie, has been abandoned 
for the moie defensible notion of diinensiona of vaiiation of experience 
In strict accuiacy, one should no longer speak of sensations but of 
modes of discrimination, oi vaiiables with respect to which an experi- 
ence IS chaiactenzed and ‘^^pecified These expencnce variables include 
perceptions as w^ell as sensations It thus becomes an aibitrary 
matter whetliei a given type of experience is classified as sensory or 
as peiceptual, since the duel logical basis for the caiher meaning of 
these terras has disappeaied AVhen the vaiiable can be shown to 
correspond with a stimulus vanation of physics, as hue and wave 
length can be shown to conespond, it usually considered a sensory 
variable When the variable in question conesponds with a complex 
vanation of the physical stimulus, oi when the stimulus is not meas- 
urable, it IS apt to be considered peiceptual 

Instead of the doctnne that the phenomenal world is built up 
out of sensations and images by a pioce&s of combination, Gestalt 
psychologists propose the theory that sensory piocesses oigamze them- 
selves spontaneously into higher-order processes at the level of the 
ceiebial cortex and produce physiological events which are funda- 
mentally like the peiceptions which it is necessary to explaip Pei- 
ception results from neuial organization in the biam According to 
this theory also, the distinction between sensation and perception 
disappears and is replaced by levels of organization The relation 
between sensory and perceptual phenomena, we may conclude, is very 
dose, and the difference between them is not in hind of function but 
in degree 


Psychophysics and Psychophysiology 

The explanation of how we perceive the woild must ultimate!) 
include a physiological theory of perception, a theoiy of the corre- 
spondence between the experience and tlie neural process The effort 
to find out what goes on m the neiwous system has been called 
psychophysiology It may be studied m two ways One raode of 
approach is by working backward from the properties of experience 
to the probable properties of the underlying physiology, as tlie Gestalt 
psychologists have done This is a speculative appioach Instead, 
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one may study the ncuial events cliiectly and cxpei imentally The 
techniques foi this study aie descubed in Chaptei 15 

The study of the coiieepondence bet^\een the cxpei lence and the 
stimulus, without refeience to the intei mediate physiological stage, is 
a much oldci and bettei established field of icseaich It is tradition- 
ally called psychophysics, and its methods have led to tlie accumulation 
of a vast amount of evidence about the scnsoiy capacities of man and 
the dimensions with lespect to which he can disci iminate the woild 
(See Chaptei 5 ) The piedominant methods of studying vision, 
hearing, and the other special senses aie the 'psycho'phyBical methods 

One might suppose that this concentiation of sensoiy leseaich on 
the Gones{)oudence between the exj^eiienco and tlie stimulus would also 
be leflected in the study of perception, but such is not the case 
Because of the complexity of the stimuli for peiception, because of 
the difficulty of measuung and contiolling them (the stimuli foi the 
perception of distance aio an example), and because they are in some 
cases not even identifiable in om present state of knowledge, expeii* 
mental leseaich on peiception has been diveited fiom the psychophysi- 
cal lelationship in the dnection of other pioblems As a result there is 
a pi epondei aucc of expeuments on the effect ot Icainmg on perception, 
the effect of attitude on perception, and on the question of whether 
perception can be accounted for by the theory of sensory organization 
Now it will probably be readily admitted that the stimuli foi per- 
ception, howevei complex they may be, must be identified befoie the 
fuitliG] jiroblem can be solved of what the oiganism “contiibutes 
these excitations The oiganism may bo imagined to oigamze tlie 
stimulus excitations, to transfoim them, oi, in naive teiminology, to 
mteipret them, but m any event the stimuli should fiist be discovered 
and specified To the extent that a psychophysical coirespondenee 
can be established between the perception and some complex order of 
stimulus variable, it will not be necessary to postulate special processes 
of inteipietation oi tiansfoimation oi special laws of sensoiy organi- 
zation If it 18 no longer believed that sensations aie the elements 
or the data of experience and that perception is the result merely of 
combining or intei preting these data, tlien the fiist pioblem in pei- 
oeption IS to look for tho stimuli 

Foi these leasons attention will be devoted in this chapter primarily 
to the study of the psychophysical lelationship m perception Experi- 
ments of this type should be undei stood by the student because, in the 
judgment of ilio writei, they promise the greatest immediate advance- 
ment of our knowledge of how we perceive the world 


160 



The Major Percepfual Problems 


If we assume that the ps> chophysical relationship is the piimary 
one in the study of perception, the task of the expeiimentei is straight- 
forward He mmt first describe the perceptions to be studied^ then 
identify their stimulus con elates, and finally set up a relationship 
between the two As wc shall see, he may not be able fully to com- 
plete this progiam lYhat, foi example, is the stimulus con elate for 
the perception of beautiful versus ugly? It would be a bold mvesti- 
gatoi who would undertake to answer tins qucbtion But if he should 
do so, there aie ways m ^^hlch he can pioceed Even though he 
cannot identify the stimulus coirelate, he can Bysternatically obtain 
descriptions of the experience, he can vary the objects which carry 
the stimulus, eg, diawings or abstiact patterns, in as many ways 
as he can invent, and he may then be able to guess what the stunuluB 
correlate might be, eg, the ratio of “oidei” to ^'complexity" m the 
drawing Such a ratio has been proposed by Biikhoff [2] as the 
essential ^'stimulus" foi esthetic quality 

Some of the piincipal classes oi types of perception which may be 
experimentally treated in this way are listed below The list is chosen 
almost entiiely from the field of visual perception, and the clas^^ifi- 
cation IS tentative It will, how^evei, exemplify the wntci’s opinion 
of -^hat the primary problems ot perception are, and will serve as a 
list of the fields from which experiments will be selected to illustiate 
the important methods of studying perception 

1 The perception of visual form in two dimensions lines, contemrsj 
and objects 

2 The perception of a thiee-dimensional world distance and depth 

3 The perception of objective coloi, size, and shape m relation to 
then letmal countcipaita, le , constancy of object peieepUon 

4 The perception of visual motion and locomotion 

6 The peiception of meaning and of symbols 

6 Social perception 


METHODS FOR THE STUDY OF PERCEPTION 

The primary method of studying expeiience, like the method of 
studying beha\ior, is systematic obseivation In the study of experi- 
ence, observation is called mb ospection Although the proposition has 
sometimes been denied, the observation of expenence is not basically 
different from tlie observation of objective events, as Boring has 
shown [3] Introspection is a necessaiy preliminaiy step to the 
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setting up of psycliophysical lelatiouhhips, it defines the peiception 
to be studied and may lead to the identification ol its stimulus 
coil elate 

Tlie classical psychophysical methods aie anothei iundamental pio- 
ceduie m studying peiceptual experience The expenmeiit is usually 
inoic toimahzcd than in simple intiospcctioiij and two peisons aie 
generally involved, the cxpciimcntci and the subject oi obseivei The 
expei imciitci manipulates the stimuli, and the subject makes disci im- 
inative judgments oi lepoits As we shall see, howcvei, the inoio exact 
psychophysical methods aie nut applicable if the peiception to be 
studied, eg, geometiical shape, cannot be aiiangcd on a scale or 
dimension Foims, patterns, oi Gestalteii can be judged in various 
ways, but the tiiangulaiity of a triangle does not vary fiom more to 
less m the way that size or brightness does Consequently, anothei 
disci imiuative method, such as the method of i eproduction oi of non- 
sei'ial matching^ must be employed in the study of such perception 
The thiee kinds of method will be discussed in order 


Systematic Observation or Introspection 

Theie is nothing in the least ciudite or mysteiious in the examina- 
tion of one’s own expei icnces, despite the populai belief to the contiaiy, 
and mtiospection is as valuable to the conteinpoiaiy student as 
it ever was Like othci foims of scientific obseivation, it may be 
foiinalized in an expeiimental situation oi pcifoimed m natuial or 
semicontrolled situations Theie aie at least five diffeient types of 
obseivation which may be classified as mtiospection 

1 Analyzing the Stimulus Situation Intiospection may con- 
sist of looking for psychophysical conespondence in the course of 
oidmary expencncc Some of the most acute obseivations in psy- 
chology have been of this type Leonaido da Vinci, for example, 
discoveied that ‘'aerial peispective” was a cue foi the perception of 
distance by noting that buildings of the same objective coloi appeared 
successively bluci as then distance increased, paitioulaily on a hazy 
day 

2 Listing the Attributes of an Ex:periencb Introspection 
may involve the soitmg and aiiangmg of stimulus objects according 
to tlieir disci iminabJe featuaes The intention is to discover the 
attributes of an expeiiencc oi its different modes of variation For 
example, the colois of the visual woild may be serially ananged on 
the dimensions (scales) of hue, biightness, and saturation Quality 
and intensity m the various senses have long since been schematized 
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in this way, the color cone (page 208) bang a faimliai example 
Peiceptual qualities may also be classified and seiially aiianged, but 
they seldom fall into quite such neat schemata as these 

3 Obseuving the Effect op System ^tic Vari\tion or the 
Stimulus When an experimenter suspects that he can isolate an 
unfamihai perceptual propeity, he may use whatevei means arc at 
hand to vary the stimulus object oi situation sy'jtcmatically and then 
observe whethei theie lesults a variation in the perception He may 
try it on himself oi bung m anothei obseivei He may use only the 
simplest technique of vaiying the stimulus, oi he may build an elabo- 
rate appaiatua fur controlling it cxpcumentally In any event he is 
seeking to coirelate a property of the peiception with some teatiue 
of the stimuluB Up to this point hiB method would be called mtio- 
spection, but if he obseives a relation^iliip, the same procecluie can 
be turned into a p'^ycliophv^ical expeiiinent An cxamjile may be 
found in studying the property vhich objects possOa^i of being visually 
upright More specifically, any elongated object is oriented in the 
visual field, i e , it has the quality ol being icitical or hoiizontal or 
tilted So fai, the intiospection is scaicely above the commonsense 
level The expeiimeutcr may now diaw a vcitical Msual hue and 
rotate it about its midpoint He bbseives a perceptual vaiinble which 
he calls “tilt quality^^ oi, moie accinately, two opposed qualitieb 
denotable as inchn&tion-to-the-iight and inclmation-to-thedeft Both 
qualities vanish into a unique quality \\hen the line le veitical, and 
both increase with deviation fiom the veitical When the line is 
rotated more than 45 degrees, a new set of qualities emeigcs, analogous 
to that described but based on deviations from die horizontal The 
experimentei now can construct an apparatus and cairy out a full- 
fledged psychophysical experiment to investigate the senes of inter- 
related qualities 

4. Analysis of the Content of Consciousness Introspection 
of still another type may consist of the analysis of a single, usually 
momentary, perception into its discrnmnable features The aim is 
to describe them exhaustively The famihai example is repoitmg the 
experience of tasting lemonade This expeiience consists mainly of 
the qualities of soui, sweet, cold, and touch, with the addition of smell 
and othei minor accompammerlts Such introspection requires the 
observei to report m terms of accepted sensory vaiiables, which are 
then likely to be thought of as elements It aims to describe the 
content of conaciousness, without lefeience to the stimulus coirelate 
(the “stimulus eiior^O; and is m method unlike a psychophysical 
experiment It is no longer in such common use as it wms in the 
laboratory of E B Titchener 
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6 DEacRiPTioN OF ^'Organized'’ Experiences The type of intro- 
Bpection favoied by Gestalt psychologists is also conceinecl with the 
content of consciousness lathei than its coiiespunclence to stimuli, but 
the desciiption is not given in teims of orthodox sensoiy attiibutes 
oj qualities It is sometimes said to be obseivation on a “phenomeno- 
logical” level The important featuie of a foim oi a melody is lost 
if the pciception is analyzed obseivation should therefore be directed 
to the form oi oiganization of a peiception rathei than its elements 
or dimensions of variation This type of introspection has led to 
the description of a number of types of perception which had been 
neglected by the oldei introspectionists and which now constitute some 
of the chief problems in peiceptual psychology Examples aie con- 
tour, shape, and suilace quality The tact to be noted about these 
peiceptions is that they aie similai to things oi entities lather than 
to vaiiables oi dimensions Experimental vaiiation of then stimulus 
coi relates cannot be a continuous variation, and the judgment of more 
or less on a scale of quality or intensity is not possible The experi- 
mental methods of studying these phenomena aie theiefoie somewh'at 
diffeient fiom those by which one studies dimensional peiceptions 


The Psychophysical Methods 

Introspective observation, as we have seen, may lead diiectly into 
a psychophysical experiment The classical methods of psychophysics, 
although invented for the study of sensoiy discriminations, are equally 
applicable to discriminations called perceptual One may study the 
“tilt-quahty” of a line oi the speed of visual movement or the appai- 
ent intelligence of persons as represented by photogiaphs m the same 
way that he may study the intensity or quality of coloi The only 
requirement for the application of these methods is that the phenome- 
non to which they are applied must exist in some magnitude, oi be 
such that it can be scaled on a dimension As we have seen, some 
of the phenomena of perception do not fulfill this condition, or at least 
cannot at present be shown to do so Although it has been said that 
“everything which exists, exists m some quantity, the triangularity 
of a triangle has as yet not been quantified 

The psychophysical methods of dealing with sensoiy oi perceptual 
variables are discussed in Chaptei 6 It is therefore neoessaiy m this 
chapter to emphasize the expeiiniental methods employed when the 
cntical aspect of the stimulus being studied is patterned or configura- 
tional These methods aie of coui’sc 'psychophysical in the sense that 
what IS investigated is the relation between the stimulus pattern and 
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the peiception, but they are nut based upon the logic of continuous 
variables 


Non-quanfitative and Semrquantitative Psychophysical Mefhods 

Suppose that an experimenter has isolated and presented some 
configurational stimulus; to an observei What response can the 
obseiver make (othei than descnbing it in woids) if we exclude 
judging it as more or less than its variations? The lesponse must be 
such aa to prove that he can discnmmate it The possibilities seem 
to be as follows He can (a) report the having or not having of a 
perception; (6) reproduce oi construct oi lepiesent it (eg, with a 
pencil and paper) , oi finally (c) judge it as or ^Mifferent” in 

compaiison ivith anothei stimulus (although he cannot specify what 
the difference is), i e, he can match it with another stimulus 

For example, if a visual pattern is shown to the obseiwer under one 
of a number of conditions which reduce its ' visibility/^ as is done in 
visual-acuity experiments or expeuments with very biief exposures, 
the obseiwer may report either, see only a blur’^ or '‘I see a striped 
figure" If the stimulus object actually was a stiiped figuie, the 
expeumenter has evidence of discrimination Such leports may consist 
of any i espouse which will serve to identify to the experimenter the 
perception by the obseiver This simple piocedui*e might be called 
the method of identification If, however, the visual pattern to be 
investigated is such that it cannot be readily named, the expeumenter 
may employ other criteria as evidence of disci imin&tion The 
observer can diaw the pattein, or he can attempt to match it with 
one of a group (not a senes) of two or more patteins The formei 
IS a variant of the method of reproduction, the lattei is the method 
of non-serial matching By all three of these methods the expen- 
menter is enabled, first, to distinguish between "correct" peicepbona 
and "errors" and, second, to count or otherwise evaluate the ^'euora ” 


Non-dimensfonal Modification of Pottemed Stimuli 

The methods described above aie the available inodes of response 
of the observer to configurational stimuli What expedients does the 
expenmentei^ have foi studying the relation between the stimulus 
pattein and the peiception? When he cannot vai*y the stimulus m 
a serial fashion, he can modify the stimulus "situation" — the total 
complex of stimulation — in a numbei of ways, The common methods 
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of doing so wlicn tlu* iispuct oi the situation being btudied is patterned 
aie aa follows 

1 Thu Experiment of Reducing on *Tmpoverishing’^ the Stim- 
ulus PATTEnN This IS piobably the method most fiequently 
employed in studying visual peiccptiun It may involve any of 
seveial techniques The pattern may be exposed foi only a shoit 
time intcival, the biightnesa difteiencc between the figiiie and its 
backgiound may bo i educed to a baiely noticeable one, the figiue may 
be 1 educed in size, ui it may be presented to pciiphcial \i8ion, where 
foim peiccption is veak as compaicd vith that piodiiced by diiect 
fixation o! the eyes By ail four ol these methods a theshold is 
discoveiable below which the observer cannot identify the figuies 
Moieovei, it is found that, even wlicn the figuie is identifiable, it is 
seen (oi lepioclucecl oi matched) more oi less mcoircctly and is expeii- 
encecl as moie oi less indefinite oi unstable Expeiiments on bnght- 
ness disci immation and on visual acuity aie of tins type, depending 
as they do upon the seeing of sonic kind of a figuie in the visual 
field, although the pioblcms involved aie conventionally classified as 
sensory lathei than peiceptual (The student is icfeiied to Chaptei 
7 foi an account of them ) AVhen nonsense figuies oi meaningful foiins 
aio presented to an obscnci undci reduced stimulation, mteiest is 
usually centeied on the analysis of the ciiois made by the obseiyei 
and the ticnds of these eiiois The attempt is gencially made to 
inteipict these trends m tcinis of some special peiceptual process of 
assimilation oi oiganization Moie lecently, inteicst in tlie funda- 
mental pioblera of visual contoia has aiisen m connection with 
reduced stimulus expeiiments, and studies of the pioblem give promise 
of linking togethei the evulcnco legaiding biightness perception, 
visual acuity, and form peiccption [16] 

By fai the most fiequently used device in this type of experiment 
IS the tachistoscope, which gets its name from the Gieek woids foi 
*Veiy rajud^’ and 'View” Its purpose is to piesent an exposure field 
foi a biief contiollable duration, the technique of using it and the 
lequircments of a good apparatus aie discussed by Woodwoith [17, 
p 688] The cbfferencc m biightness between a stimulus pattern and 
its backgiound may be reduced by various devices for contiolhng 
illumination or for piojectmg an image of the stimulus tlirough a 
rotating sectoied disk The method of i educing the stimulus pattern 
in size (oi piesenting it at a distance) and the method of exposing 
the stimulus in the peiipheiy of the observer's visual field, although 
less used, aie valuable and have the advantage of piesenting fewei 
difficulties in the constiuction of apparatus 

2 The Experiment of PRESENriNQ Indefinite or Ambiguous 
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Stimulus Pattehns It is posj^ible to devise stiniuJub fleldb uhicli 
for reasons not thoroughly unclci stood, aie only paitially patterned 
or configured Natuial stimuli of this soit occur in cloud patterns 
and on the inhomogeneous surfaces of plastcied \\alls The common- 
est aitificial stimuli are ink blots possessing incgular contours and 
a random distribution of textuie Ajs cveiyone knows, the onlooker 
tends to see “pictures” in these objects Since the stimulus conditions 
foi the peiception of pattein oi contoui aie picsent in such fields but 
ambiguous and unspecific, the patterns, shapes, objects, and meanings 
which do appeal in peiception may take any of a vaiiety of diiections 
Many diffeient shapes may arise from a single field of stimuli, depend- 
ing on the obaeivei, oi may anse foi the same obseivei on difterent 
occasions The lesponscs which aie made in this tjpe of expeiiment 
obviously cannot be tieated as collect oi incoiicct, and the experiment 
itself docs not seek to cstabh'^h a psychophy*=^ical coirospondencc As 
applied, the method piesupposes a non-vclationbhp between the stimu- 
lus pattein and the peiception, it is used instead to study individual 
differences among ob«:encrs, 'since the attitudes and inteiests of the 
individual are assumed to detcimine what he peiceues This kmd of 
perception is said to be “piojective ” The use of the Rolirbchach mk 
blots and of othei projectne method'^ is dcsciibed in Chapter 18 

The shapes seen m ink blots aie nevertheless not eutiiely fiee fiom 
the influence of the ink blot itself It i& possible that furthei study of 
the indefinite and lieteiogeneous kind of stimulation which ink blots 
exemplify may leveal some of the stimulus conditions for the peicep- 
tion of pattern and contour 

3 The Experiment of De\tsing Reitrsiblb or Equivocal Stimu- 
iius Patterns It is possible to constiuet visual stimulus fields 
which can be seen in only two wajs instead of in many w^ays These 
stimuli are not indefinite, they aie clearly patterned, but the pattein- 
mg yields eitliex one kind of peiceived object oi a wholly different 
kind usually incompatible with the first Thiee examples aie given 
in Fig 1 In these illustiations the stimulus conditions, wdiatevei 
they may be, for the perception oi contoui and solidity aie balanced 
01 pitted agamst one another In the fiist, the “thing quality” may 
emeige eitliei on one side of a line oi on the othei, in the thud, the 
sohdity may be visible in one pait of the figuie or m the othei lu the 
second, the contoui s aie such that they can piuduce either of two quite 
different shapes: the one being a young face looking away from the 
obseiwer, and the otliei being an old face scon in piofile 

Are such figuiea meiely psychological curiosities or simply demon- 
strations that attention may fluctuate or that perception cannot be 
explained by the stimulus pattein-^ Although they aie often mtei- 
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Fig, 1 Equivocal stimulus patterns 


In A «Hher a 0 obl*t or a pair of fac«i may 
bo so«n Whon oilher ob[«a Is formed In 
porcopllon, th« remaining area of the plcturo 
retedoi ond bocomei background The loiter 
It ''formle«/‘ lo / leomi to extend behind the 
ob|ect (Rubin [11)) In fl the "shophiQ’* 
function of contour li ogoln brought outj the 
ear of one foce becomes the eye of the other, 
the jov/ and cheek of one bocbmo the nose of 
the olher, etc The artist entitled this picture 
''my wife ond my nwther In-law “ (By courtesy of E G Boring ) In C the solid surfaces repre- 
sented In the picture may be shaped In either of two ways# the solid portion of one staircase becomes 
empty space In the reversed staircase 


preted m this way, they are more properly to be considered percep- 
tual experiments which facilitate introspection, particularly of the 
^‘phenomenolagic^al” kind They are also the nearest approximation 
an experimenter can make to an experimental isolation of such proper- 
ties as contour, "thing quality,^* and the other differences between an 
object and its background Reversible figure-ground patterns do, in 
a sense, isolate such properties In the first place the properties 
become evident to observation, and m the second place the conditions 
or variables w^hich underlie thern» although at first obscure, become 
susceptibly to study by systematically varying the equivocal figure 
More generally, the method of devising artificial constellations of 
stimuli has proved extremely fruitful for the description of visual 
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pattern phenomena It has been widely used by the Gestalt psycholo- 
gists both foi that puipose and for the development of a theoiy of 
sensory oiganization considered as a physiological process Like 
the method of ambiguous stimulus fields previously desenbedj equivo- 
cal stimuli seem to imply a lack of lelationship between stimulus and 
peiceptioii If they are considered experiments lathei than cunobitiee, 
how^ever, this conclusion need not follow, and the abstiuse conditions 
wdiieh give rise to tlic perception of foim and shape may be clarified by 
studying them 

4 The Expeiument of RoiATiNa or Distorting the Retinaij 
Projection Phy^icnl objects and ■^ili faces are projected as an 
image on the retina, in accoiclance with the laws of optics Fiom the 
nemal piocesses initiated by this retinal image the oigam&m disci inn- 
nates the physical object '=5ucce‘^sfu% and obtains hia visual w^oild 
of objects and surfaces This piujection on the letina may be changed 
in SGveial ways by placing optical devices m front of the eyes, where- 
upon the Msual world is changed accordingly The piojection may 
be inveited, le, lotated 180 degrees, by a lens system, it may be 
tilted, le, rotated to a lesser degree, by totally leflecting right-angle 
pribins, or it may be displaced and differentially distorted by optome- 
trists^ tiial prisms [13, 7, 4] 

Most of these expciimcuts have not proved to be highly illuminating 
with lespect to oui phenomenal expenence of space, since, as a rule, 
the phenomenal world simply appeals to be modified m the expected 
fashion and to remain that w^ay The psychophysical correspondence 
between the retina and the \nsual appearance of space does Hot seem 
to bo affected by the changed pi ejection of objects on the retina The 
inverted w^oild, for example, does not shift around in experience and 
look “light side up,“ even aftei many houis of seeing it inverted 
AVitli lespcct to motoi adjustments and orientation, however, a 
learning pioeesa occurs, and lesponses of localization and locomotion 
become adjusted to the new^ environment fanly rapidly Along with 
tfns adjustment goes a decrease in the feeling ot strangeness and 
unfamihaiity [13, 7] 

Theie aie some indications, however, that if the retinal pi ejection 
IS changed, not by being rotated or tianslated, but by being distorted, 
as it IS to some extent when prisma arc worn like glasses m fiont of 
the eyes, the psychophysical correspondence between retina and visual 
space IS modified and shifts so as to make the distorted retinal image 
coi respond moie nearly to the normal undxstorted space This shift 
13 veiified by the fact that there occuiB an opposite distoii:ion in the 
appeal ance of noimal space when the piisma are removed — a distortion 
which itself weal a off after a lapse of time [4] It is possible that 
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othci types of oj)tical clisloition, eg, those piucliicetl by c^hnclncal 
lenses, would yield the same type ol eftects, but such e\peiiments 
ha^e not been repoilcd 

5 The Experiment of jMaintaixing a Stimulus Im\ge on the 
l^AME Reiiihal Area fob a Prolonged Interval The eyes aie 
noimally never at icst except foi munientai} penocls of fixation The 
letmal image of the envuonment is constantly changing, the total 
pattern being shifted on the ictma by c\tremcl> ia]iicl movements of 
translation which coriespond to the movements of the ejes fiom one 
fixation point to another Pattern ^stimulation of the letina is tlieie- 
foie of short duration in ordinary peicoption It may be prolonged 
experimentally, ho\vevci, by lequiiing the obseivei to fixate a stimulus 
field and to maintain fixation foi a ceitam peiiod of time 

The results of this cxpeiiment, with respect to coloi and biightness 
stimulation in the fixated field, aie w^cll known "When illuminated 
Mil faces aie used, a colored foim on a giay backgiound slowly becomes 
less saturated, a black form becomes hghtei and a white form daikei 
The 1 elation between stimulus and peiception lias changed wutli lespect 
to the coloi variable The change is such that in tlic stimulated aien 
of the retina any new stimulation now^ evokes a color wdnch is shifted 
in the diieetion of the complementaiy This shift appears in pei- 
ception as a negative afteiimage 

It 13 less well known, and only recently established, that in this 
fixation cyponment theie may be shifts other than that of color value 
in the psychophysical coiiespondence between the retinal pattern of 
stimulation and the perceived field Fornis do not, it is true, change 
shape in any noticeable degiee, but single lines oi contouis appeal to 
have the effect of modifying, within the localised aiea wdiere the 
retinal image was made to persist, the peiception of subsequent lines 
and contouis The wuitei discovciod that a cuived line appeared less 
oiuved in the course of continuous piolonged perception and that, 
when anothei line was substituted for it, le, projected on the same 
letmal area, the shape of the second line w^as modified w'lth respect 
to curvatuio, a straight line, for example, looking cuived in the oppo- 
site diiection [5] An analogous eftcct occuiicd if the lines of the 
experiment weie, respectively, a tilted line and a veitical line, the 
negative afteie&eet was one of tilt in the opposite direction Kohlei 
and Wallach [9] subsequently demonstiated ceitain aftereffects of 
fixating both line patteins and closed contour figmes The principal 
aftereffect of a fixated figure seemed to be to displace the contour of 
anjother figure away from its own (no longer present) contour, when 
the second figure was not congruent with the first but when its lines 
were not too fai distant An example is showm in Fig 2 Both these 
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expel imenta deinonatiate that the i elation between retinal shape and 
seen shape may be modified undei the influence of prolonged stimu- 
lation The exploration of this influence, howevci, has only com- 
menced, and the method needs to be puisuecl by other 3n\ebtigators 




Fig 2 Displacement of a contour after fixation 

The largo circle lobelled / It the “Inspectod figure"; the pair of drclet labelled T It the "lett figure 
Eoch Is drawn on a leparate chort, the two being tuperimpoted In Ihls Illustration The imafi cross 
li the fixation mark, which Is common to both charti The f figure Is Oxated by an observer for 
several minutes, and then the T figure ts substituted for It The left hand circle now appears smaller 
than the right bond drelo, although they ore of Identtcol ilie 


The experiment of fixating printed words for long inteivals at one 
time atti acted the mterest of experimenters The reports indicated 
that the meaning of the word leceded from the pattern and also that 
the word t-ended to fall apart into letters oi lettei groups The study 
of meaning by this method, using a variety of objects as stimuli, for 
the most part remains to be carried out 


APPLICATION TO SPECIFIC PROBLEMS IN THE 
PERCEIVING OF THE VISUAL WORLD 

The outstanding problems of peiception, already listed tentatively 
on page 161, may now be taken up The fiist three will be discussed 
from the point of view of the psychophysics of perception* Each of 
the lemaining problems will be exemplified by u single experiment 
illustrating one of the methods alieady discussed 


The Perception of Visual Form in Two Dimensions 

The emiionmental world, as peiceived, consists in large part of 
objects 01 things How, then, do we perceive tliem — why do thmgs 
look as they do? This is a psycliological problem of the first impor- 
tance, although its foimulation has been Instoiically delayed by the 
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theur> that ubjccts could be e\plainecl in cxpenencc as bundles of 
coloi ‘^ensation^ Intiospection diiectod Itmaid the perception ot 
objects ns such reveals a set of piopcrties \\hich they possess inde- 
pendently ol their color qualities Such piopeities aie contouij 
shapCj emergence f)om the backgtoimd, sobdityf surface quality j and 
distance For convenience, perceptions (oi sensations) of line, contoiii, 
shape, and surface may be tieatcd as two dimensional, the three- 
dimensional Cjualities being dcfeircd for latei consideiation Actually, 
as the Gestalt psychologists have emphasized, all these properties of 
the visual object aie in tei dependent The best systematic desciiption 
of them is to be found in Koftka's P) maples of Gestalt Psychology [8] 

The fundamental expciiments on outline or co 7 ttoiii aie those of 
Rubin [11] His method was simply obseivation and desciiption of 
the phenomena A typical expeument consisted of pie'^cnting the 
obseiver with an ingenious combination of two figures which shared 
a common contour An example is the ^^goblet-faces” pattein alieady 
shown m Fig 1 Rubin could not isolate the role of the contour by 
varying it independently of othoi properties of objects, what he could 
do was to isolate it bv using the same line for the contours of two altei- 
native figures, the appearance of one figuie obliterating the other 
He could show that a visual object wduch is cleaily seen at one moment 
may become non-existent a moment later when its contoui is used by 
01 attached to another visual object which w^as foiraerly meiely the 
background The functions of a contour in always possessing an 
“inside” and an “outside,” of acting m only one of these diiections 
(inward) to produce a shape, and of making the shaped figure “stand 
out” from the unshaped backgiound thus became open to observation 
These phenomena may all be observed m Fig 3 This apparently 
simple type of experiment, involving the balancing of visual conditions 
against one anothei, has been widely used in peiceptual leseaich 

Werner [16] has pushed the study of contoui formation one step 
further His results appear to demonstrate that even a black disk 
on a white ground can be made invisible, the whole black aiea being 
obliterated and the coloi stimulation being nullified, if its contour is 
not given enough tune to develop m peiception The disk was pre- 
sented tachistoscopically foi a brief interval If, then, a black ring 
was presented immediately afterward, whose inner contour registered 
exactly with the contour of the circular disk, nothing was seen but the 
ring Presumably the loss of its contour to the ring inhibited the 
perception of the disk both as a figure and as an aiea of coloi 
atwiulation 

Presumably the stimulus correlate for the perception of an outline 
or a contoui is an abrupt change of stimulation between adjacent 
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letjnal arca> -V guidual change of stimulation along the letinal 
^uilace may uccui, but such a continuous gradient does not appaiently 
piocluce a contour As a hypothesis the suggestion may be made that 
letinal giachents of this continuous soil have the function of pioducing 
thiee-dimensional peiceptions, which aie to be discussed in the next 
section The abiupt change of stimulation may be studied not only 
by the expeiiment of equivocal loims and the expeiiinenfc of brief 
mteivals of exposure but also by the p 3 \ chophy&ical method of a just 



Balanced alternatives of figure and ground 

Nota how tha oraoi of tha drda whkh ooniHtula tfia grovnd saam to extend contlnuouily behind 
tha oraos whkh coniMtute tha Agura This It what Is meant by soytng thot the ground Is not "shaped," 

whereas the agtira Is, 


noticeable biightness difference The study of brightness discninina- 
tion and Msual acuity employs this expeiimental method, such studies 
aie clesciibed m Chaptei 7 All the evidence is consistent with the 
conclusion that the discrimination of brightness and color, which 
invoHes the perception of aiea and shape, is dependent on the forma- 
tion of a contour in expeiience Since it is also piobable that the 
formation of a contour depends on an abrupt change in areal stimula- 
tion on the retina, such a change would seem to be the fundamental 
stimulus condition 

The visual /me, which may be produced aitificially on man-made 
surfaces, can be used to lepresent the kind of contour which makes 
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possible object peiception m the natural Msual field If the visual 
line does not letiun on itseJl — is not ^'closed” — it becomes an isolated 
stimulus element, sepaiated from its shape-pioducmg lunction as a 
contom Its stimulus is a double change in letina! stimulation, the 
two changes being adjacent to one anothei, if the line is sufficiently 
thm, and in opposite directions The letina is veiY sensitive to such 
changes, as the lesearch on visual acuity shows The visual line, as 
such, has leceived some investigation and descives moie In contia- 
distinction to most of the piojicities of foini and shape, which cannot 
be ai ranged on dimensions, the ciuahties of an isolated lino can be 
scaled and therefore studied by quantitative psychophysical methods 
Eveiy student of calculus loiows that a hne (or a cuive) can be 
analyzed mathematically, i e , measured The perceptual qualities 
of a line, oi any chosen segment of it, arc its diicction (iipiight, tilted, 
01 hoiizontal) and its, cpiahty of being stiaight, concave, oi convex 
The latter piopeity miglit be called “cuivatuie quality The mathe- 
matician speaks coiiespondmgly of the slope and the uite of change 
oi slope of the cuive The ^^ute^ has shown [ 5 ] that these two 
qualitative dimensions are akin to othei kinds of sensoiy dimensions 
Not only are they intiospcctively simple, they also manifest adaptation 
with negative afteieftect, which 13 charactcustic of supposedly more 
‘^elementary’^ qualities of the world, like tempeiature and coloi It 
seems possible that furthei inti ospective and psychophysical study of 
sim])le lines may help to explain how the contoui pioduces the visual 
shape of objects and things 

Experiments on the peiception of surface, or sin face quality, have 
gone no farthei than to establish the existence of this piopeity of visual 
objects and to determine that it probably depends on the sensing of 
the ‘^microstructure*^ or textuie of the object suiface Accoiding to 
Metzger [ 10 ], whenevei a suiface is seen, it is seen because the area 
in question is characterized by or spots or other nregulaiities 

of brightness The teims available to desoiibe this quality aie not 
definite, it needs to be observed and doscubed fiuther Visual textuie, 
as It will be called heie, is neveitheless evident to mtiospection, and 
its stimulus con elate is definable as inhomogeneity of retinal stimu- 
lation When an aiea of perfectly homogeneous light stimulation is 
presented to the letma, as occuis when one looks at cleai sky or 
certain artificial setups, no surface is seen, and the aiea appears at an 
indefinite distance The area is said to possess film color instead of 
surface color 

The results of the experiments on line, contour, shape, and suiface 
do not enable us as yet to account fox the perception of objects m 
then two-dimensional aspect They do suggest, however, the direc- 
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tions which futuie evpeumcni-s should take and the methods expen- 
raenteis should follou to leach thia goal Theie ha\e been a large 
nuinbei of other expenmentb dealing with the peiccption not of objects, 
le, forms with contouis, but of visual order and grouping among 
constellations of fatimuli They ha\e received then impetus fioiii 
the classical expeiimcnts of WcrthcMraer [10] The stimuli used weie 
abstract clots or lines These oloments, when seen, tend to become 
organized into groups oi units in accordance with ceitam laws which 
Wertheimer foimulated Pioximity, sunilauty, oi ‘^good continua- 
tion” of the elements, for example, all make foi unit formation 
Werthcimei’s method was the balancing of one factor against another 
or otheis, with observation of the units winch emerged fiom the 
constellation, le, he studied the factors wdiich made an equivocal 
constellation less so These units, Imwevcr, aie not like the objects 
or forms of the ordmaiy visual world Wcrtheimei’s laws arc not so 
rele\ant to that problem ns tlicy aie to an cn inoie difficult one — that 
of the ordei and interrelations among elements within the Msual field, 
and especially within artificial visual fields Weitheimei’s law^s arc of 
special interest to abstiact artists and otheis who aie concerned with 
the pioblcm of \jsual anangcinent, composition, design, and esthetic 
unity 

A great many studies have also been performed on the perception 
of nonsense fuims and patteins, by the method ot requiring the 
obseuer to draw them (or lecognize or match them) immediately 
after presentation or after an interval of time [17, Chapter 4] The 
data available for study are the eiiors which the observer makes, the 
disci epancy m each case bet^veen the shape of the reproduced or 
matched figure and that of the oiigmal stimulus figuie The former 
shape 13 assumed to be indicative of the perception or the memory 
image TIicmc aie qualitative eiiois and are distinct fiom the quan- 
titative cnois ot a legulai psychophysical experiment Tlie dis- 
crepancies wull be of many difteient vaiicties The expeumentei must 
classify and evaluate them on the basis of his subjective opinion 
instead of scaling them on a dimension of vaiiatiou As a substitute 
foi mathematical a^elaglng of the eirois, however, be may utilize the 
method of composite drawings to obtain a kind of ‘^mean shape” and 
thereby secure evidence of any general trend among the disci epancies 
of shape Trends toward symmetry, tow^ard closure of the contour, 
and toward lesemblance to meaningful shapes have been found This 
expel iment, as a type, is methodologically appropiiate for exploratory 
studies, but inexact Future expeiiments m this field might benefit 
by first adopting a hypothesis as to the trend of the discrepancies for 
a given form, then scalimj a series of foims showing increasing dis- 
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cttpanc^ hoin the onginal (if this is po^isible), and finally nieasuiing 
the eiiois 

This type of e\pei iment may be criticized on other gi ounds in so fai 
as it puipoits to study the perception oi raenioiy of visual forms It 
neglects the mam pioblem anil concentiatcs on a eccondaiy i«suc 
We need to know piimanly why thcie 15 a co) respondence between the 
shape of the stimulus and the shape of the expeiitnce, not nhy tlieic 
are discrepancies betivecn them There is small use in studying the 
eiiois in form perception when so little is known about the reasons 
for the psychoplivsical coi relation Why is the percept (01 the 
memory imago) shaped like the stimulus object? To sny that it is 
01 gamzed is only to say that it is shaped and is not a mosaic of point 
sensations To say that it is shaped by meraoiy images of past 
experience with siinilai objects is to say even less The question is, 
Why IS it shaped hke the stmiiilus object? Either a tendency tow'aid 
precise organization (symmetry, cloauie of contour) 01 a tendency 
toward the standard shape of a meaningful object will account for 
erjors in the perception of nonsense loiins, but neither will account 
for the fact of their conect peiception 


The Perception of a Three-dimensional Woricii the Problem of 
Distance and Depth 

The properties of visual objects include not only contour, shape, and 
surface, in addition, things emerge from the background, possess 
solidity, and appear at a distance The problem of how these addi- 
tional charactenstics can arise from nothing more than a pan of 
two-dimensional retinal images is a problem which is older than 
psychology itself It is still not adequately solved If there are three 
experimental stages to any sensory 01 perceptual pioblem, 1 e , dcsciib- 
ing the perception, identifying the stimulus correlate, and settmg up a 
relationship between them, then it may be suggested that the problem 
of three-dimensional vision exists only in the first stages Psycholo- 
gists have not yet succeeded even m identifying the stimulus correlates, 
presumably complex, foi all types of distance peiception Heuce 
they are unable to vary or otherwise modify the stimuli presented to 
an observer in the effoib to establish a psychophysical lelationship 
There is, however, one retinal correlate of the depth and solidity of 
objects which has been identified and experimentally studied It is 
the disparity of the images fiom a single object on the two retinas 
which 18 produced by "parallax,” 1 0 , by the fact that the two eyes get 
their images from shghtly different positions in space Since the two 
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images jointly are the stimulus coiieiate of a «!ing]e pcrcei\ecl object, 
it IS easy to suppose that then clispaiity might be the correlate of a 
third-dimensional quality of the pcrceued object If the dispaiity 
can be mca'suicd, repioJuced, and optically presented to an observer, 
with systematic sanations, the hypothesis can be verified It 

actually verified by Wheatstone over a bundled yeais ago He ^^as 

able to do so because he invented an ingenious mstiunient, the stereo- 
scope, \vhieh enabled him to lepioduce and manipulate artificially 
vaiymg dcgiecs ot letmal disparity As the disci epancy between 
images increased m ceitain legular ways, the depth quality of the 
pel ception inci eased coriespondmgly (Fig 41 



Sllghl raHnol dtiparlly, producing tho percep Greal rellnal disparity, produdno Iha perc^p* 
♦Ion of a low pyramid lion of a high, tt*«p pyramid 

Fig 4 Amount of retinal disparity and degree of perceived depth* 


The stereoscope is an example of the way in which the development 
of apparatus can affect the puigiess of a branch of peiceptual psychol- 
ogy A major difficulty in studying certain kinds of perception is 
the constuicting of artificial counterparts of the natural physical 
stimuli E\en though tlio stimulus cuirelate may be suspected, it 
cannot be fully veiifiecl, and the coii elation cannot be established until 
it has been ^^synthesized,” as it were, and subjected to expenracntal 
control Synthetic retinal disparity can be produced and modified at 
vill m the stereoscope, but visual texture, for example, has not yet 
been repioduced in a systematic manner for experimentation Artists 
have of couise ^^experimented” with texture in paintings foi many 
centuiies, but without use of the method of control and isolation of 
the *^mdependent variable” which constitutes a scientific experiment 
(See Chaptei 1 ) 

The binocular stimulus correlate accounts in pait for the phenomena 
of solidity, emergence fiom the background, and depth, but it cannot 
wholly account for them, smee it is a fact that one-eyed persons also 
see depth and distance Theie exist monoculai cues for these three- 
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dimensional properties, as well ab the binocular cue These monoculai 
cues aie, however, only impeifectly identified m our present state of 
knowledge and have m almost no degiee been bi ought undei expeii- 

mental contiol The accepted view 
IS to say that they aie '^secondary” 
cues for the perception of space, 
which have been learned in the 
course of expeiience It does not 
solve the problem, howevei, to con- 
Fig 5 The perception of solidity elude that these cues are learned 

m relation to a retinal gradient of Even if they are, which is piobable, 

bnghtness question still remains of exactly 

what complex stimulus coi relate it 
IS to which the exjienenced obscrvei has leained to react ^Xe come 
around to face tlie same question which is asked of supposedly 
unlcained sensations What is the psychophysical lelationship? 




Fig 6, The porceptlon of distance in relation to a retinal gradient of texture* 


It 18 a possibility that tlie monocular cues for distance, depth, and 
solidity, when considexed as stimulus couelates, will be definable as 
gradisuts of retinal stimulation A gradient is a continuous, tiansi- 
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tional change of stimulation o^ei a letinal aiea and is to be contiasted 
with tile abiupt change of stimulation between two adjacent retinal 
areas which is related to a contom Tw o examples ol retinal gradients 
will be given, one being a giudient oi biightness and the other a 
gradient of textuie The first iFig 5\ pioduces a quality of three 
dimensionality m a form, i e , it fields solidity The ‘second (Fig 6) 
pioduces thiee dimensionality on the giuund and fields the imincssiun 
ot continuous distance 

The ^hnodellmg of sui faces by liglit and shade’^ implies that there 
lb a psychophysical lelationship between ‘specific giadicnts of bright 
and daik stimulation on the ictina and specific pciceptions of the 
“depth shape” of objects, i e , then shape m tlic tliird dimension as 
distinguished from then shape in tw'o dimensinns The iclatinn 
between “depth shape” and gradients ({ir levels) of bnghtne^^ could 
be established if the cxpenmentei pioreedcd ‘'^stciiiatically to isolate 
the \ariables and devise a method of contiolling tlie stimulus Figiiie 
6 suggests, likewise, that, <:mco a giadient ol cotusc to fine letinal 
textuie pioduces a perception ot a icccdmg background, the variable 
should be ^synthetically produced and btuchefl 

Giaclients of size, linear pei'^pectno, aciial pcispecti^c, and letmal 
motion [6, Chapter 9] might also be studied bv this procccluie Since 
they are all capable of being scaled, the oidinaiy psychophysical 
methods should be applicable If a satisfactory expenmental analysis 
can be made of the so-called “cues” for apace perception, an age-long 
puzzle will be on its way to a solution 


The Perception of Objective Color, Size, and Shape in Relation to 
Their Retinal Counterparts^ the Problem of Constancy 

Some of the properties of visual objects as peiceixed do not con elate 
veiy well with what w^e shall call tlicii letinal counterparts They 
coirelate instead wuth the objects themseho:^ Since the perception 
must be mediated by the retinal stimulation, we aie faced with a 
contradiction How can om perceptions coi relate so rvell with their 
objects when the retinal counterparts do nut apparently correlate 
witli either? This is the pioblem ol perceptual constancy or, ns it 
might better be called, perceptual objectivity 
There is no doubt that the retinal image, consideied as a counteipait, 
IS not a reliable indicator of objective shape, for instance When the 
face of a flat object is inclined to the line of sight, the shape of the 
image changes from what it was when the face w^as perpendicular to 
the line of siglit As the object is turned, the retinal counteipail^ 
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changes lachcallv (Fig 7 ), but nevertheless wo continue tw see the 
same object (not quite the same object, to be jnecise, foi the slant ot 
its surface is pait of what ^^e see) The peicept, like the object, is 
said to be ‘^constant, whereas the shape of the letinal counteipait 
changes Docs this imply that the pimciple of psychophysical cone- 
lation does not hold true foi peiceptions as it does for “sensations’^? 



Fig 7 Perspective drawing of an object in different orientations 


If retinal shape does not coirespond with seen shape, neither^he basic 
assumption nor the methods of psychophysics are applicable to the 
problem It will have to be studied in teims of mental tiansfoimation, 
Intel pi etation, intuition, or, at best, a process of spontaneous sensoiy 
01 ganization 

The difficulty can be icsohcd if vc distinguish between the letmal 
coxii^ei'part of objective shape and the letmal con elates which lemains 
to be discovered We tend to assume, m studying space peiception, 
that the retinal ^^image^’ is a counteipart ot the object and of the 
percept But the retinal image considoed as a complex oj stimulation 
need not be, and seldom is, such a couuterpait We me misled by the 
fact that such objects as a circle drawn on paper, viewed head-on, 
projects a circulai retinal image This is actually a lare situation, 
except in form-peiception evpeiiments in psychological laboratories 
In ordmaiy perception the shape of the retinal image is seldom a 
counterpait of the object A genuinely thiee-dnnensional shape could 
not in the nature of things have a letmal counteipait, since the retina 
extends only in two dimensions The phenomenon called depth 
shape — ^the '^odellmg^^ of a surface — has no letmal counterpart, 
although it probably has a retinal con elate in the form of giadienta or 
steps of brightness and texture Objective shape does not need to 
be copied on the retina to be perceived, it needs only to have specific 
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coil elates thcie for all its objcctnc piopeities The contoui ol the 
retinal image is onl} one of these con elates 

If the foiegomg aigument can be generalized, the objective nature 
of peiception is a subject for psychoph3^6ical imestigation lather than 
foi theoiiGs of epistemology The so-called constancy of shape, i e ^ 
the fact that a shape is thiec-dimcnsioual and is located and oriented 
in space, requiies a complex stimulus con elate The shape is not 
expeiienced in isolation, it is always shape in a gi\en oiientation At 
least isolated stimulus variables might be tentatively identified 
within the total coii elate the letinal contour on the one hand, and 
the cues for slant and orientation on the other When the object is 
lotated on a veitical axis, the letinal contoui s change their hoiizontal 
dimensionB, at the same time the cues foi tlic slant of the object 
surface change hoiizontally These changes m stimulation are 
)eciprocal It might be supposed theieforo that one aspect of the 
total stimulus con elate leinams con^^tant despite rotation of the 
object — the Mini oi product of these recipiocal stimulus variables 
This would piovide a basis m stimiilcUion foi an unchanging percept 

The perceived size and coloi of objects aic similarly out of corre- 
spondence wuth the ictiual stimuli to ivliich they have been found to 
correspond in the unique situations wheie distance and illumination 
are held constant Retinal size is a poor indicator of peiceived size 
when the distance of the object vanes The brightness of the retinal 
image is likewise not indicative of the physical nature of the smface 
of the object when the illumination changes Nevertheless the size and 
the color of objects are not much modified by these changes The 
object size is seen at the dijjerent distanccy and the colored surface is 
seen in the changed illuimnntion A summary of the experimental 
evidence on these types of constancy may be found m Koffka [8] and 
in Woodworth [17] 

Constancy expeiiraents in general consist of demonstrations that 
the observer perceives the shape, size, or whiteness of an object, with 
a discrepancy fiom what would be expected of the letinal counterpai’t 
The procedure is to introduce a vwiation m orientation, distance, or 
illumination between the standard and the variable stimulus-objects 
Otherwise the procedure is that of a regular psychophysical experi- 
ment The discrepancy between the perceived property and its retmal 
counterpart is computed and is sometimes called an index of phenome- 
nal regression toward the real object [14] The chief emphasis is 
placed on the amount of constancy levealed by the experiment 

The difficulty in these experiments is not in the techniques, but in 
the prehminniy intiospection and the definition of the problem There 
IS dissatisfaction wuth the teim constancy In the view just piesentecl, 
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It IS not so imich the shape, size, oi color of the object "^hich lemame 
constant under \ajying circumstances as it is the object Its 

shape and orientation, its size and distance, its coloi and illumination 
are all featuies of the object in its environment The stimulus cone- 
lates of all these features aie necessaiy to make the perceived object 
look like what it is The intei action between the membeis of these 
pans of stimulus coirelates provides the basis for a consistently 
identifiable, oi constant, object in perception The experimenter, 
theiefore, needs to define a tw'o-vaiiable stimulus complex, eg, both 
size and distance, w^hen he is setting up a constancy experiment He 
can then discovci whether the two-variable stimulus is in coirespond- 
ence with the perceived object 


The Perception of Visual Motion and Locomotion 

We tuin now to a moie specific consideration of tlie experimental 
inethodb of peiceptual research A single expeiiment only will be 
desenbed in each field, exemplifying one or anothei aspect of these 
methods 

A practical problem in motion perception arises in leainmg to fly an 
airplane How does the pilot sense the exatt diiection in which he is 
going, particularly when he is landing? By looking at the ground, 
obviously, but what does he look for and how can he judge his direc- 
tion? An an plane cannot be “aimed” like an automobile by pointing 
Its nose toward a distant point, the cue foi the guidance of flight has 
to be looked for m the visual scene ahead This is a problem requir- 
ing the analym of a complex stimulus situation — not an analysis of 
the content of consciousness but a “phenomenal” analysis — and the 
identification of the cues for judgment This identification must then 
be verified by an experiment which establishes the correspondence 
between the stimulus and the judgment The writer and others [6] 
undertook a study of this problem, the methods and the le&ults of 
which may be in pait desenbed 

ObSeivation and the facts of optics both suggested that the visual 
basis of the perception of one^s own locomotion is letmal motion, not 
of an isolated image but Over the whole retina The ground and the 
objects on the ground are all projected on the retina When the 
obaervei moves^ this image is de/or??ied, neai objects of the visual 
world corresponding with points which flow rapidly over the letina, 
farther objects with points winch flow more slowly The only points 
at which the letinal image is not flowing, dm mg motion of the 
obseiwer, are those corresponding to extremely distant points in the 
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visual T\orld — the horizon — and the point toy''Q}fl v^Juck one is moving 
If the obseivei “looks \\hcre he is going, hi^ retinal image is expand- 
ing radially fiom a ceiitei, and tins centei coi respond'} to the point 
in the physical uoild toward w'hich he is going Figuic 8 rcpiesents 
the retinal pattern of expansion duiing an appioach glide to an au- 
field The anow^s are vectors indicating the amount and diiection of 
retinal flow at the given point Their dnection, no niatici wheie one 
may look, is always aivay fioni the point tow aid which the observer 
IS going at the moment This exjian^um pattern would appear to be 
the cue foi the pilot’s sense of his diiection of flight 








Fig. 8 Retina! motion perspective in the scene viewed while landing an 

airplane 


The expeiiment to ^eufy this conclusion was based on a motion- 
pictuie secpience of a scene similai to that shown m Fig 8 The scene 
was photogiaphed in ininiatiiie so as to peiniit contiol of the con- 
ditions, with the camera moving as the obseivei would move iii that 
situation AVhen the film w^as pi ejected, the velocities and diiections 
of expansion could be plotted on the scieeu They proved to be 
similar to those illustrated Fuitheimoie, wdien an observer looked at 
the screen, he obtained a compelling experience of mo\nng through 
space in a specific direction This direction could be judged with some 
accuracy even m the early poitions of the sequence when the expan- 
sion was slow, and it could be judged with gieatei accuiacy as the 
expansion became more rapid 

An experiment of this sort raises many more questions than it 
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answers^ but it illustiate^ a piocecluie ioi the study of complex pei- 
ceptual patterns 


The Perception of Meaning and of Symbols 

The problem of meaning and the natuie ol symbolic peiception 
present a \anety of pioblems foi psjchologv Most, if not all, mean- 
ings aie learned by the indi\idual As deteiraineis of behavioi, the 
meanings of objects have been studied iii loainmg expoiiments But 
meanings arc also perceptual cxpcuences, and in this aspect they aie 
difficult to study by exiieiimental methods The meanings of situa- 
tions, objects, pictures, and wouls aie difficult oi impossible to anange 
m accordance with their modes of vaiiation, as colors can be arianged, 
because of their seeming uniqueness and their almost infinite variety 

The method of ‘binpoveii^^hing’* the stimulus may be used, however, 
and the appiehension of punted words exposed m a tnchistoscope 
has been investigated m many experiments A meaningful woid can 
be appiehended undoi exposure conditions where an equivalent, but 
less meaningful, group of letters is scaicely perceived at all Words 
and symbols can also be subjected to piolonged optical fixation The 
meaning is repoited to recede e\eutuallv fioni the visual pattern, and 
the letteis of a word appear to “break up” into subunits 

Symbolic meaning can always be identified and desenbed by intro- 
spection, although it cannot be scaled and measured by classical 
psychophysical methods There exist certain comiilex types of mean- 
ing, howevei, which appaiently cannot be desciibed adequately, le, 
in such a way as to make other obscrveis of the same phenomenon 
agree with the one who described it The study of esthetics and of 
personality is hampered by this difficulty Is thcie, for example, 
meamng in the handwnting of individual persons? Does the quality 
of “style,” which is almost indesciibable, indicate or expiess the 
person whose handwritmg is examined? Graphologists maintain that 
such meanings exist, but their claim is doubted Pioblems of this sort 
can be investigated by the method of non-senal matching 

Allport and Yemon [1, Chapter 10] repoit an ex])eriment on the 
expressive quality of handwriting, in wdiich this method was used 
Ten sketches of personality were written, desciibmg the traits and 
characteristics of ten individuals Samples of then handwriting w^eie 
obtamed The samples and sketches were then submitted to a group 
of judges, some of whom were professional gi aphologista Each judge 
examined a given sample of handwriting and, from the qualities he 
saw in it, attempted to select the personality sketch ^Ylth which it 
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matched He ^ould be collect by chance only once in ten tries He 
then lepeated his attempt for the leinainmg samples The peiceptuai 
basis of the selections did not have to be desciibcd, nor did it cntei 
into the experiment The mean nunibei ol coricct identifications out 
of ten attempts was appi oximately two instead of one The giapholo- 
gists were somewhat more successful than ^\eie those ^vho disclaimed 
any special ability to inteipiet handwriting, but both types of judges 
weie more successful than the hypothesis of chance guessing would 
predict 


Social Perceptfon 

A w^hole realm of perception has scarcely been touched upon in this 
chapter The methods and experiments discu^^scd have to do priraanly 
with the perception of the w^orld of objects — ^the physical wmrid The 
methodological problems are difficult enough in that realm, but they 
become e\en more complex when v:c come to deal, as scientists, with 
the world of values, customs, stereotypes, and fashions We then have 
to study the peiception of such objects as food, clothing, and articles 
of daily use, of the actions of other people, of social situations and 
problems, and of races, classes, and nations There is one veiy 
important difference between space perception, for example, and social 
perception It is always pos«?ible, subject only to the ingenuity of the 
expenmenter, to establish, in the first case, whether a perception is 
“correct^' or “incoircct It is a very complex and often controversial 
matter, howevei, to establish whether a given social perception is 
"veridical Since the realities behind social values and judgments 
are at best subtle and obscure (some social scientists deny that there 
are any realities), these properties of things are studied by the method 
used to investigate indefinite or ambiguous stimulus patterns (pages 
166-167) , that is to say, the experimenter studies the perception 
not as a function of the stimulus but as a function of variables withm 
the subject — his past experience, his motivations, his prejudices, and 
his personality 

An experiment of this sort is that of Shenf on the determination of 
perception by a "social noiin” [12] The stimulus situation he 
employed wms even more ambiguous and "un&tiuctured" than are mk- 
blots or nonsense patterns, it consisted of a single stationary pinpoint 
of light m an absolutely dark room Under these conditions the 
"autokmetio phenomenon" occurs Sooner or later m this situation 
the point of light, being unlocalized on any spatial surface and divorced 
from any visible frame of reference, begins to drift or change position 
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cnaticall> This purely illusory impression of movement is variable 
and indefinite, as one would expect The judgment which Sheiif 
reciuiied oJ his observers ^^as an estimation of the amount of this 
movement in inches during a ceitain time mteival alter the light 
appeared The instmctions wcie such as to suggest that the light 
v^ould leally mov’e, although it aievei did 

Aftei a nuiiibei of lepeated judgments, a standaid oi noimal amount 
of mov^eraent began to characterize the estimates of an obseiwer One 
individual would report 1 or 2 inches of displacement, while another 
reported 9 oi 10 inches If at this stage a pair of obseiv'^ers, or a group 
of three, v^o\c given a repetition of the expeiimcnt together, so that 
they could hear each other^s judgments, the established individual 
nonns of judgment began to be modified, and a g)oup noim cmeiged, 
to which the individual nouns giadually confoimed At the end of 
three ‘Sittings (100 judgments each) all the individuals in n gioup had 
standaids to guide their estimates, which v\^eie very close together 
The majoiity ol obseivcis weie not awaie that their judgments v^^eie 
being influenced by otheis The standards were by no means the 
same m different gioups of individuals, one gioup tending to see 1 inch 
of movement as the normal amount, wlieieas another saw as much as 
4 inches 

If an individual observer faced the situation alone, after fust 
observing as a membei of a group, the socially detei mined noim con- 
tinued to affect his judgments, although the influence of the gioup was 
no longei physically piesent Although he did not realize it, the 
amount of movement which he expected to see was now the result 
ot his mtei action with the group An elementary" social custom had 
been established, both jn the gioup and m the mdividuals v\ho com- 
posed the group 

CONCLUSIONS FOR THE STUDENT OF PERCEPTION 

It has been implied thioughoul this chapter that the fiist necessity 
m setting up an experiment on perception is to foiinulate its aim 
Foimerly the aim of pciceptual expeiiments v\as to establish the 
differences between a peicept and its presumed stimulus correlate, 
analyzing the latter in terms of those stimuli which vveie known to 
yield ''sensations, and then to account foi these differences by some 
hypothesis Recently, with the breaking down of the logical distinc- 
tion between sensation and perception, it appears possible in many 
cases to establish a psychophysical correspondence between a percept 
and its own stimulus correlate The latter may be a latio, a gradient, 
or an integration of stimuli of a more complex ordei than aie the 
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accepted con elates of so-callcd sencory experience Whene\ei such 
a correspondence is concenable, the expenmentei should fiist devote 
his attention to it, on the giounds that, if established, it will reduce 
the necessity loi evtia hypotheses The methodology of such useaich 
has been the pimnpal concern of this chaptei 
Theie aie, of couise, many aspects ot human perception for which 
tlie coriesponding stimulus complexes are imknoun They are pre- 
sumably based on intricate and subtle discriminations of the physical 
propel ties of things, pci sons, and events, but they aie so fai fiom 
being identifiable by tiie oidmary pioccduies of the pliysical sciences 
that they can scaiccly be gue^^sed at The meaning^?, the ^‘rlynamic’^ 
and ^^physiognomic” qualities, and the social significances wdiich make 
up a gloat pait of human expenence aie all of this tvpc Although 
they aie perceptions and depend on the functioning of tlie sense 
organs foi then development, the) require hypotheoCb confoining the 
oi ganization of expenence and live process of learning in cider to 
account foi them Tliey are so much dependent on the concepts, 
attitudes, and prejudices of the obseiver that the methods of studying 
them become mdistmgiushable fiom the methods ot studying tliought 
processes, which are desciibed in Chapter 4 
The phenomena of object perception, space perception, and per- 
ceptual constancy, on the othei hand, are piobably moie nearly akm 
to sensory processes than they aie to concepts It this is true, they 
should be studied aftei the fashion of psychophysical experiments 
Evidence is needed on the peiceptual lesultants of complex stimula- 
tion This evidence can be obtained by introspective analysis, by 
isolating and conti oiling the relevant variables in the total stimulus 
situation or at least by systenaatically vaiying the situation, by obtain- 
ing disciimmative judgments fiom an observei, and by applying the 
techniques of psychophysical measurement to the i exults 
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Chaptei 1 


Studying Vision 

S Howard Bartley^ 


The methodology described m Chaptei 6 was concerned mainly 
with visual pciception The present chapter is devoted to the major 
and most repi esentative methods of stuflying vision ns inde- 

pendent of the raoic perceptual qualities related to the field The 
student should carry over the material of the pievious two chapters 
and relate it to the methods to be described in the next several pages 
In order to accompli«?h the most within the boundaries of a single 
chapter on the complicated methodology m vision, a numbei of 
economies are necessary The first is the reduction of certain of the 
broader aspects of method to ideas that can be presented in general 
statements Accordingly, a number of these statements precede the 
description of the phenomena of \ision and the specific expenraental 
conditions under which they are induced 


FiaDS OF VISUAL INVESTIGATION 

One of the major ways in i^hich visual studies differ is m terms of 
their objectives These differences are quite marked and are reflected 
not only in the types of questions for which answers aie sought, but 
also in the procedures involved m the process of experimentation 
The different aspects in which attention is directed may be called aieas 
0 / investigation^ each of which may be subdivided into several types 
of inquiry One of the first aieas of in\estigation pertains to the 
nature of what is perceived It deals with the problems of how the 
visual field is organized, what is in it, and similar questions The 
study of the most general and basic structure (organization) of the 
visual field is the first type of inquiry It so happens that the first 
differentiable feature of visuahfleld organization is the separation into 
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figure and giound (see Figs 1 and 2) Thus figure-ground relations 
and all similar studies belong in our first type of inquiry 
Studies of the second type of inquiry deal with objects as such 
Questions of then identification, location, etc, aie peitinent here 
Size, shape, and similar characteristics arc involved only in a second- 
ary way and aie of concern only as they distinguish one object from 
another or help deteimine object charactei or position A thud type 
of mquiiy ib the id\ estigation of visual properties, such as color 



Fig 1 Fig 2 


Figs. 1 and 2 These drawings Indicate the fact that differentiated visual 
fields are structured Into two parts — the figure and the ground 

In F[q 1 the Jfnes become figure Nol only are they flgurej (ob[ecti) but oUo they cluster to ai 
to erxkrte iwilloru of the field whkh become port of the figure — reprwentfng the iurfoce of poits, 
boordi, etc* Rg 2 can be teen Tn two woyt — the figure and ground mutually alternate See alio 
Fig 1, page 168 


Although color, foi example, is often studied as a property of object 
surfaces, it naay be abstracted fiom the object itself and dealt with 
under conditions in which it has a minimum of lelation to specific 
objects 

It IS obvious from the foiegoing that the study of vision necessitates 
certain amounts of arbitianness, as do all psychological investigations 
As was pointed out m Chapter 1, such arbitianness is a matter of 
abstraction which is involved in all our techniques of analysis We 
must recognize that the kind of abstraction used plays an important 
paii m our end results In a ceitam sense experimental phenomena 
are products of sensory ab&ti action 

A second aiea of visual investigation deals with the iunctional 
characteristics of the organism It is not diiected toward descriptions 
of visual phenomena, but towaid understanding visual capacities 
For instonce, biightness discrimmation, adaptation, and visual acuity 
are terms that refer to a capacity of the organism rathei than to its 
experience Brightness discrimination and adaptation lefei to what 
the organism does visually Visfual acuity refers to a discriminatory 
capacity the oiganism possesses 

A thud area of investigation involves study of the oiganic mecha- 
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nisni^ and anatomical iclatioiia \^lllch undtilie the properties just 
mentioned These mechanisms may be chemical, motoi, oi nemal 
Visual studies in this third aiea are concerned ^Mth inquiry into 
zctinal stiuctme and function, the structuie and activities of the 
lemaining stations in the visual pathway of the nenous system, and 
ultimately the neivous system as a whole Photochemical activity 
in the leceptoi cells and neuial intei action m the retina aie two very 
common objects of study in this area of visual im estigation 
Still a fourth aiea ol m\ estigation is the study of tlie lole that vision 
plays in the behavior of oigamsma One type of inquiry in this direc- 
tion seeks to find liow vision participates in the general behavioi of 
the individual A second type is conceined with particulaiizmg the 
lelations of vision and the othei senses Much of what is included in 
this area is conventionally dealt with in pciccption and some of these 
major concepts have been handled in Chapter C 
In the picsent chapter we shall limit ourselves to several well-recog- 
nized and thus formalized catcgoiies m which vision is studied The 
categoiies of adaptation, visual acuity, biightness discrimination, coloi 
discrimination, spatial localization, and response to inteumttent stimu- 
lation (flicker, etc) have each arisen fiom obseivations in everyday 
human expeiience Now, when one speaks of a \isual phenomenon, 
he tends to put it into one of these majoi categoiies Befoie we take 
these categories up lu detail, we bhall survey some of the more impor- 
tant psychophysical relations necessaiy to an understanding of visual 
methodology 


PSYCHOPHYSICAL RELATIONS IN VISION 

Visual cxiienences are both quantitative and qualitative To the 
extent that tliey aie qualitative, they have jiroperties which cannot be 
directly described in numeiical terms As a senes, however, a senes 
of qualitative changes may be related to some numeiical order This 
ordel lies outside the qualities themselves and applies to stimulus or 
internal physiological conditions The pioperties of visual expeiience 
which appear to be quantitative pertain to time (duration), space 
(size, direction, etc), and intensity (biightness, etc) The stimulus 
conditions involve time, space, and intensity Procedures for studying 
visual piocesses are those which manipulate these factors pieciaely to 
discover new types of phenomena, to make clear the xelations between 
already known phenomena, or to discover the mechanisms underlying 
the phenomena themselves This involves relating the visual out- 
comes to stimulus conditions (psychophysics), although it is recog- 
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nized that certain conditions lying withm the oiganism are often as 
crucial in determining tlie literal outcome m a specific case as aie 
external stimulus conditions (psychophysiology! 

One of the most basic and widely employed concepts in the study 
of biological phenomena is the threshold oi limeyi The notion of 
threshold arises out of the disci epancy between physical conditions 
which are considered to be potential stimuli and the lesponses them- 
seKes The smallest amount of stimulation which will pioduce a given 
result IS spoken of as the thieshold amount The threshold is not 
absolute, but instead is statistical, because of the unavoidable insta- 
bility of both the stimulus and the oiganism Hence all tliieshold 
definitions aie couched in statistical temis Part of what has just 
been called gnen icsult” is defined by the numerical pinbability 
of detecting a given taiget or a difteicncc between tw^o of its paits 
In vision, for instance, theie are amounts of ladiant energy wdiich fail 
to elicit visual experience A room may be so dark that no objecta 
aie visible in it, but if the illumination is mcieaaed sufficiently, a point 
will be leached at wdnch ceitain objects will just be chsceimble The 
level of illummation will then be just threshold for the objects m 
question 

If, in a faiily well lighted room, two sheets of paper are put before 
an observer, he may be able to detect that they are not equally white 
The difterence may be so slight as just to be perceptible This means 
that had the physical difterence been any less, the two sheets would 
have looked alike 

From this description it will be evident that thresholds are of two 
general types There are “absolute” thresholds and “lelative” (“dif- 
ference”) thresholds, as indicated respectively by the two illustiations 

The subject of thresholds brings us to the consideration of what is 
new and what is old, what is an endiu’mg object (or experience) some- 
what changed, and what is a new (different and disciete) object with 
some resemblance to an earlier one When conditions are shifted in 
such a way as to provide for just baiely seeing something in the dark, 
the something is a new object of experience With added light it 
changes in various w^ays Were each of these kinds of change to be 
examined, a series of diffeience thresholds could be established by 
simply manipulating conditions step by step, so that notations of the 
amount of stimulus change necessary to pioduco each perceivable 
increment of change could be obtained In a sense, w^hen an object 
changes, it is a new object In another sense, it is not When the 
Cixpenential emphasis lies in the continuity between what was and 
what IS, the diffeience constitutes a change Without this, the present 
object IS new relative to any othei* one m the past» Whereas difference 
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thresholds pertain to just peicei^ablc changes, absolute thicshoMs 
pertain to situations in which «»omething new enierge*^ When thresh- 
olds pertain to diffei cnees, a senes of differences are generall> obtain- 
able by incremental or decremental changes in physical dimension 
Steps from one threshold to the next are called ^'just noticeable 
differences” (JND's) 

A number of tiials (obsei rations) are necessaiy for detei mining 
threshold, for a very weak stimulus v*ill not al'^ays evoke a sensory 
end result A target seen on one attempt uill not ncccs‘=^aiily be seen 
on another A statistical i elation exists between the strengh of the 
stimulus and the seeing of an object 

It IS possible to define thieshold m any one of a niimbei of ways 
If the taiget is an object to be seen only in one place and in a single 
orientation about the axis of regaid, the observer has only one of two 
responses to make He either lepoits seeing the taiget, or he fails to 
report If lie is appn&ed of each time the target is pi evented, he reports 
eithci that he docs or that he docs not sec it Hence, by puio chance, 
he will be able to be coirect half of the time In such cases threshold 
13 sometimes defined as the stimulus strength which evokes a lesponse 
in 76 per cent of the trials In many experiments the number of 
possible reports is inci eased by rotating the target into scveial posi- 
tions in chance order oi by placing it m various pi edetei rained 
positions eccentric to the fixation point This reduces the chances of 
being correct by mere guessing 

In actual experimentation, standaidization and short cuts in pro- 
cedure are neccssaiy These tend to modify response, making for 
some predetermination of result Sconng proceduies cannot tlierefoie 
be constructed on the assumption that only two factois, actual sensi- 
tivity and puie chance, operate They must take mto account certain 
biases of the observer resulting fioiu Ins ability to predict to some 
degree from what he has learned of the experimenter’s procedure In 
what w^ay these biases reduce chance factors has to be determmed for 
the particular method used 

Although a thieshold stimulus is one which just succeeds in pro- 
ducing a response, less intense physical conditions are not without 
^their effects Hence they are called $wbthr^shold even though 

such terminology is paradoxical Literally, that which does not 
stimulate can hardly be a stimulus Subthreshold stimuli can be con- 
sidered effective in bringing about certain chemical conditions, and 
these effects, when added to more of the same, will end in a response 
of the same category as that produced by a single threshold or supra- 
threshold stimulus There is no such thing, however, as a subthreshold 
expenential response The effect produced, if ever to be called a 
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pliy^iological losponbC, is in a categoiy otliei than the response wliicli 
'\\a3 onginally meant and which oiiginally dctei mined the definition 
of the threshold 

Scientific measurement may either be duect, tlie response itself 
being mcasuierl, or indiiect, the mea^juiemcnt being of the stimulus 
used to obtain a specified lebpoiise It is seldom that a visual lesponse 
can be measured by the fiist method Dnect ineasuiement is possible 
only in the ca^e of pupil leflcves and othei visuo-motor activity 

Tlie indiicct method is necessitated by the fact that the lesponse is 
something foi ^^hlch theie aie no physical units, such as length, dis- 
tance, 01 volume This method takes achantage of the fact that 
lesponse is gcneially a compaiison Tuo things aie compaied eitliei 
they are matched and aic thus biologically equivalent in some i aspect, 
or they aie difteientiated In the latter case, the least stimulus 
difference which enables a difleicn tuition is the tlueshold or Iimen 
whicli wo have just discussed When, ol couise, the i espouse in ques- 
tion IS not a compaiison, the stimulus conditions lequnecl to elicit the 
response aie the only mcasuiables To the extent that a lesponse 
cannot be piedicted by defining stimulus conditions, the experiment 
moxes a^ay fioin the conventional psychuphy^'icai one to a kind in 
which tlie organism, rathei than the physical surrounds, is the lefeience 
point Methodology foi such exiiciimcntation is as yet pooily devel- 
oped, but theie is a guming lecognition foi need of it 

Diffeientiation is only fully meaningful when conditions are so 
adjusted as to produce a JND Disceimblc differences, when they 
are laigei than JND% are less definite and aie theiefoie often more 
poorly measiued For example, one aiea cannot be as well judged 
to be twice as blight as anothei as the two can be judged equally 
blight or just different in brightness 


FUNDAMENTAL CONSIDERATIONS AND VISUAL PHENOMENA 
The Eye 

All the precise work on and undei standing of vision piesupposes a 
knowledge of the stiuctmo of the eye as an eneigy-ieceptoi system 
and a translatui of this eneigy into suitable neiuophysiological pat- 
terns for conduction to the cential neivous system Likewise knowl- 
edge of the visual pathway is also becoming moie and moie necessary 
in the understanding of visual phenomena 
The outst-andiug facts regarding the eye are the following ( 1 ) It 
contains a mosaic of two kinds of sensitive cells, the cones and the 
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locK, each of which i> "Giifcjtnc to ladiant tnGigv and capable of tians- 
foiming it into a terie^ of thi?cicte impulses ajjpiopiiate to activate in 
turn the next stiuctuia] unit in line, the bipolai cell (2) These 
leceptor cells (the lucls and cones) are not alike in then lange of 
sensitivities, and all Msirnl function's on this account arc affected by 
winch set of cells participates oi in what piopoitioiis the two pai- 
ticipate (3) These tw^o sets of receptois are unlike m their clistii- 
bution across the letinal mosaic from ceiitei to peiiplieiy The central 
poition of the letina is populated only wuth cones, the paiaccntial 
(paiafovealj region is populated with both rods and cones The 
farther towaid the periphciy, the gicatcr is the iclativc nuinbci of lods 
and the binallci the iclatnc numbci of cones (4) The neural con- 
nections of the lods and cones diflei Each fu\eal cone 1ms a one-to- 
one connection witli its succeeding unit in iiic visual pathway In 
contiast to this, the fibci jnocesses fioin spveial lods converge on a 
single succeeding neuial unit, and cones out'^ide the fovea do not have 
“piivate linc^^ connections (5j AMieic the bundles of nfierent fibcis 
constituting the optic nene leave the eye, a total absence of leceptor 
cells IS asfcunied This itgion is called the optic disk, and the coi re- 
sponding aiea in the visual field which is ‘‘blind^^ undei sonic conditions 
IS called the blind spot [1] 


Important Units of Measurement 

Since the optical system of the human eye im^olves the focusing of 
light tlirough a nodal point, the visual angle is one of the vehicles of 
spatial measurement The visual angle is the angle subtended by the 
observed object when the nodal point of the eye is the apex If abso- 
lute size ot an object (test object or target) is knowm, the distance of 
the object fiom the eye mu&t be known, so as to calculate the area of 
the retina involved in the image of the object 

A unit of sensitivity which takes into account the light actually 
leaching the retina should be employed The photon is a unit ot 
retinal illumination which takes into account the size of the pupil and 
is the conventional unit which most nearly satisfies this demand 
Although the leader will have to lesoit to the proper handbooks [27] 
to acquaint himself with the various light units and their conversion 
factois, It IS not likely that he will find the definition of the photon 
among them When the eye is contionted with a surface intensity 
(^^apparent biightness^'l of 1 candle pei square metei, the illunimation 
on tile retina is 1 photon if the pupillary aiea is 1 square nnlhmetei 
Three avenues of pioceduie are open in applying the photon One is 
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to use an artificial pupil to limit the effective pupillaiy apertuie to a 
known aiea The second is to measure the natural pupillary aiea 
existing at the time, and the thud is to calculate pupillary area from 
graphs or tables providing the standaid pupillaiy apeiture for the 
vaiious intensity levels of target and for given states of retinal 
adaptation [36] 


Adaptation 

Adaptation is the adjustment m the visual mechanism underlying 
improvement in seeing aftei sudden shifts m stimulus intensity 
Adaptation may pioceed in either of two directions piogiessive 
impiovement in vision after illumination has been suddenly lowered 
(daik adaptation), and impiovement aftei illumination has been 
raised (light adaptation) Light adaptation progresses much more 
rapidly than dark adaptation 

All adjustments toward impioved functioning of the visual pathway 
with reference to the intensity of stimulation might well be called 
adaptation [1] The initial tissue process in the receiving of light 
IS chemical and is very influential in setting the quantitative pattern 
of the processes that follow That adaptation is confined to the photo- 
chemical processes of the receptoi cells in the letina has often been 
taken for granted [4] Nevertheless it has more recently been shown 
that all the adjustment phenomena which would naturally be given 
the label of adaptation are not photochemical [36] Some of them 
are neural 

The usual method of studying dark adaptation consists in subjecting 
the eyes to total darkness and, at regular intervals, testing the ability 
to see (determining absolute thresholds) [37] The thieshold pro- 
gressively drops, at first lapidly and then more slowly, till finally no 
further drop occurs The senes of thresholds are plotted against time 
in the dark, and the result is called an adaptation curve One custom- 
ary target is a figure w^hich can be rotated from trial to trial into any 
one of a number of fixed positions Foi example, a letter C (Landolt 
broken circle) is often employed (see Fig 3) The open side of the 
circle may be placed in any one of four or more positions, and the 
observer is asked to tell in which position the opening is, either by 
expressing the position in terms of the hour designation on a clock 
dial, or by pressing the appiopriate key on a panel wiied to designate 
the various positions* A plain figure, such as Fig 4, may also be 
used To insure that the observer is looking in the right direction to 
see the target, a fixation point is customarily provided* This is a very 
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small led light ju^t stiong enough tfi be seen The taigct bcais a fixed 
spatial relation to the fixation point, providing the ob^sener does not 
move his head If ineaaurenient ot vaiious precisely knoun parts of 
the retina is required, the piecaution of a ^'biting board^' or othei 
head-stabilizing device is U'^^ed Biting boards are of many degrees 
of stability, the best being a hoiizontal plate bearing a wax impression 
of the observer's teeth Each time that the observer bites” into this 
impression, his head is ceitaiii to be placed in the same position with 
reference to the target as before, if the plate la stable 


Rg 3, Fig 4» 

Trials are made at set intervals Since dark adaptation progresses 
much more rapidly at first than it does later on, the readings must be 
closer during this time than later It is objectionable fiom the 
observer's standpoint to make readings quite close togethei A num- 
ber of readings for every desired interval of time elapsing in the 
dark are necessary to obtain a lehable set of readings for a dark- 
adaptation curve Routine clinical examinations, however, follow a 
shortened procedure [23] 

Further to insuie the meaningfulnesa of the results acquired in 
obtaining a dark-adaptation cur\e, a preadaptation period of suh- 
jection to a known level of illuminatiou is used Generally a uniformly 
lighted opal-glass screen laige enough to covei most of the angular 
visual field is employed The scieen may be illuminated at any level 
of intensity, depending upon the purpose of the mvestigation, just so 
the level is known and specified m describing results 

The process of adaptation can be measured for various parts of the 
retina and for various levels of preadaptation [4] It has been found 
that the lods and cones adapt at diffeient levels and at different 
rates [4] This is evidenced in the irregular shape of the adaptation 
curve, it being composed of two parts The one is an early drop, 
which leaches viitually its full extent m a very few minutes, and 
the odier is a later and greater drop, which contmues for a far longer 
time 

By the use of dark-adaptation curves it has been shown that vita- 
min A deficiency affects the process of adaptation [23] It has also 

m 




been bho\Mi that insulin liypuglj cemia and anoxia afttet daik adapta- 
tion In Vitamin A deficiency, the difficulty lias its piimaiy nngm in 
the eye, whereas in hypoglyceinia and anoxia, the difficulty is fuithei 
along in the visual path\\ay [36] 


Brightness Discrimination 

Adaptation js tlie process \\l\crcby sensitivity to retinal illumina- 
tion changes attoi a inoie oi loss abiupt ^hilt in illumination level 
Although it has been implied that various paits of the retina can 
adapt inoie or less independently, the more usual studies ot adaptation 
have not been limited to localized legions Brightness discrimination 
as a piocess diftcis iiom adaptation only in certain aibitraiy ways 
As the eyes arc n^o^ed to and lio, tlic images of daik and light objects 
move across the letinas The intensity differences bet\\con the various 
loiagea may be quite gieat, and theiefoio it can be said that the areas 
of the letma just newly stimulated by images diffciing gioatly fiom 
their predccessois aie not lully adapted to the new levels of intensity 
Biightness discrimination is a set of complicated, shoit, and i datively 
mild piocesses ol adaptation 

The etandaul concept of biiglitne&s has been leached through use of 
the photometer, in uhich the two taiget aieas (standard and test} to 
be matched are contiguous and appear on an unilluminated field, either 
lying side by side or the one taigct suirounding the otliei Adjusting 
for equal brightness involves, as much as anything else, obhteiatmg 
the boundary between the aioas Undei conditions of contiguity the 
relative size of the two aieas is not ciitical, and the match in bnght- 
ness lb most neaily a physical match m intensity Hence the standard 
definition of brightness used by those inteiestcd in Iiglit fiom the stand- 
point of physics lollows Buyhtness %s the luminous intensity per unit 
oj aiea The teim lunimoua is a recognition of the fact that an 
obseiwei is involved and that he is not equally sensitive to all wave- 
lengths Tvithm the visible spectrum 

Most methods used in studying biightness discrimination differ 
essentially from the puicly phutometiic in one oi moie particulais 
Wliereas the photometiic technique, thiough its simplification, is taken 
as an absolute one, other setups actually emphasize the fact of lela- 
tivity in the peiception of bnglitness and must be looked upon fiom 
this standpoint Even when we employ setups appaiently similar to 
those used m photometiy, we ai^e investigating biightness discrimina- 
tion as a biological function, lather than piesuming to match two 
physical quantities 
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That brigljtne'^s depends at times upon total flu\ (total light emitted 
or leflected fium the taiget to the ejel lathcr than fliL\ dcn^it}' flight 
emitted oi leflccted bv each unit of taiget surface) is dciuonstrated 
in the lolloping illustiation^ 

Let two sui face-, icflecting equal flux pei unit area be oboei\ed In 
the first case let the two *'Ut faces be equal in aiea and equally distant 
from tlie eye In the second case let then aieas be equal,, but then 
distances from the e3"e be imequal In the third case let then areas 
be unequal, but then distances fiom tiic oye be equal 

’When, in all thiec cases, the paned sin faces aie seen to match m 
bnghtiicss, it may be said that flux pei unit aiea is the ciucial factoi, 
for in cases and thicc the total flux leaching the eye from each of 
the siu faces i5 not equal But \ilicn the paiicd surfaces in cases two 
and three aie scon as unequal in buglitnes*^, total flux may be the 
ciucial factor 

If, for example, the paned siufaccs aie the sole objects in the field 
to leccive illumination, and one docs not focus well upon them but 
looks beyond them, the surface subtending the grcatei vi^^ual angle of 
the two will then tend to becnine the inoie eflective and appear the 
brighter In case tuo it will be the siu face neaier to the eye, m case 
thee it will be the laiger suiiace In such cases the total flux detei- 
mines the biightness Total flux opeiatcs m many exeiyday situations 
as well 

Methods used to study brightness discrimination aie aimed at taking 
into account (1) the relations between area of total target, or its paits, 
and threshold, (2) the i elation between intensity level of target and 
sui round, and threshold, (3) tlie i elation between time of target 
Gxposuie and threshold, and (4) the relation of taiget inoveraent 
and threshold 

The simplest arrangement of the visual field for tlie study of bnglit- 
ness disci imination is similar to that for daik adaptation (Figs 3 
and 41 From what we know about ictinal anatomy, the angle that 
the target subtends is an important mattci For cential xision the 
target should be about 1 degice or less (about 1 inch at a distance of 
65 Indies) The amount by which a taiget must be either gi eater 
or less in intensity than its suiiounds so as just to be peicened is 
a measuie ot biightness di^ciimination This thieshold is geneially 
called A/, and its relation to tlie intensity I of the suuounds has 
often been studied The ratio A///, called the Weber fraction, is 
another measuie common in the studj’' of brightness disci iminntion 
This fraction becomes smaller as 7 increases The leciprocal of this 
fraction (//A/) is also a common measure 

It 13 possible to vary the aiea of the taiget and determine the 
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1 elation of thicshold to area It is also possible to apply the small- 
aiea taigct to \aiioufi parts of the retina by using a fixation-point 
\\hose relation to tlie taiget is manipulated systematically 

Another and veiy definite step is taken when the taiget is made of 
two parts of unequal intensity The paiticular tlireshold measured 
in this case is that of the difteience between the tw^o paits of the 
target The ratio A/// m such cases pertains to the diffeience in 
intensit> between the two parts of the target divided by the intensity 
of one of the parts 

Under these conditions, as with simple targets, the intensity level 
of the backgiound or geneial field cannot be ignored It has been 
found to be an impoitant factor m determining the absolute value of 
the thieshold The level of the background (suiTounds) is sometimes 
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Figs 5 to 14 


put at an intensity somewhere between levels of the two parts of the 
target By a few prelimiiiaiy trials a point almost halfway between 
the two parts of the taiget may be found The surrounds may also be 
set definitely below oi above the tw'o parts of the target in intensity 
The complex target may be any one of seveial shapes In general, 
there are bisected targets, such as in Pigs 6, 6, 7, 8, 9, 10, 11, and 12, 
and disk-anniilus taigets, such as in Figs 13 and 14 Bisected targets 
consist of a square, rectangle, or circle divided equally into tw^o parts 
At times the two halves are separated, as in Figs 11 and 12 When 
separation is employed, the effect of width of separation is studied 
The disk-annuliis targets do not give thresholds of the same value as 
the bisected targets. The existence of a difference is a demonstration 
of a very important mattei m visual function, the effect of border- 
building processes on each other [16] As another variation m tech- 
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mque, the two ha!\es of the comple\ taiget inay be held constant in 
then intensity relation to each othci while being vancd in lelation 
to the sui round 

A totally daik field surrounding a test object (target) could be 
expected to function one way, and a faiily well illuminated field 
another way While black is a sensation, the absence of letmal stimu- 
lation IS functionally different from the piesciicc of any amount of it 
One of the problems that has arisen in connection with auuounds, 
especially the illuminated ones, is whether a portion of the visual field 
illuminated at a given level might function ns a substitute for the 
whole field If so, how many degrees must a suiiound subtend to bo 
substantially equivalent to having the wdiole field illuminated at the 
same level? Some invcstigatois have come to the conclusion that a 
surround subtending 30 degrees of \hual angle is this equivalent, at 
least for certain purposes (An oidniaiy dooiway — 32 mclies — sub- 
tends a visual angle of 30 degrees when the eye is about 2 yaicls 
from it ) 

There is a fundamental phenomenon regarding the behavioi of light 
in the eye that may account for this virtual equivalence It is the 
existence of internal stiay light, called entoptic Uiay light [10] The 
eye as a hollow^ sphere acts, in principle, like an mtegzaling sphere In 
solving certain problems in photometry, a source of light is placed 
inside a hollow sphere whose walls arp coated a matte w^hite A photo- 
meter pointed thiough a peephole m the sphere measures the “mean 
spherical candle power^^ of the light source, because of the fact that 
light 13 evenly reflected m all directions fiom the walls of the sphere 
No matter toward which poition of the inside w^all the photometei is 
pointed, the reading will be tlio same In the eye the bright image on 
the letina forms the light source, and although the ocular walls absorb 
a coDSideiablo part of the light, the portions of the letma not involved 
in the blight image are leceivmg reflected light The amount of this 
depends upon the size and intensity of the image acting as souice As 
the image increases in size, the differential between its intensity and 
that of the lest of the eye materially lessens As the image increases 
in size, it of course occupies more and more of the tot-al sensitive retina 
Tor these reasons a stimulus covering somewhat less than the whole 
visual field will substitute for illumination of the wdiole field 

Certain findings incidental to the study of brightness discrimination 
have led to the use of figures even more complex tlian the bisected 
targets [1] It appears tliat the presence of borders m the visual 
field has an influence on the differential thresholds For example, if 
a target such as is found in Fig 15 is used, the differential biiglitness 
threshold decreases as the width of the annulus 2 is increased Ongi- 
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nally this was attiibutcd to a summation piocess This hypotliesia 
IS tested by use of a pattern, as indicated in Fig 16 By smioundmg 
the inner disk 1 by an annulai field 2, beb\een \\hich and an annular 
outei aiea 3 is ring B, the combined aiea of 2 plus 3 can be kept 
constant while the diameter of the iing is varied to manipulate the 
distance of the img fiom aiea 1 The innei bolder of the ring is thus 
varied in ita distance from aiea 1 without changing total illumination 



As the ring is moved farther from aiea 1, the differential threshold 
between 1 and 2 deci eases Since the variable is the distance of the 
innei border of the ring from area 1 and not the total flu\, the distance 
of the bordei must be the ciucial factoi 
Figure 17 involves the same kind of bordei (contour) phenomenon 
The effect of vaiying the intensity of 3 on the difteiential threshold 
between 1 and 2 is the object ol study Area 1 is made either biightei 
or less bright than 2 The lowest thiesholds are found when 2 and 3 
are equally intense The threshold becomes gieatei when 3 is eithei 
more intense or less intense than 2 When 3 is either more or less 
intense than 2, the ^‘contiast” boidei is thought to interfere with the 
foimation of a boidei at the outei edge of 1 By this means the 
differential threshold between 1 and 2 is raised Additional patteins 
have also been used to tost the assumption that bordei a in the visual 
field influence each othei, and that it makes a difference whether one 
bolder acts on the end of anothei bolder or on the side of it 
AVhereas the targets just mentioned are those characteiistic of 
academic studies of brightness perception, seveial other types of 
targets are dictated by more practical considerations For instance, 
the question of detection of taigets in actual outdoor situations often 
involves land and sky divisions of the visual field, le, a horizon oi 
boundary between unequally illuminated upper and lower parts of the 
visual field is involved Targets may appear fully withm the lower 
part of the field, fully within the upper part of the field, or across the 
horizon A taiget placed on the horizon is shown in Fig 18 Were 
the square somewhat below the horizon, it would, m this case, be 
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imisiblc The target may be of a rliffcrcnt intensity from cither flic 
upiiei (sky) or lower (land) parts of the field 

Piactical consicleiations in “detecting^’ targets intioduce the factoi 
of target motion It would he exjiectcd that angulai motion enuld 
not become vei> gieat before an othcnvj«c \isible tat get would become 
ineffective The factor of ^‘bluinng out^’ at weak illuminations easily 
becomes great enough to offset any 
"attention-getting’^ advantage a mov- 
ing tai get ma> have 

The teirn hughtness contrast is often 
used m the study of brightness dis- 
crimination It IS not alw'BVs kept clear 
vdiether the ^ubjectue phenomenon, the 
undei Ivmg pliysiological mechaniMn for 
tlie experience, or the intensity differ- 
ences in two parts of the ‘Stimulus field 
arc being referred to Simple bright- 
ness-di^'Cnmination studies become the 
conventional studies ot "contrast** when 
a number of levels of surround are 
employed to study the Weber fi action 

Visual experience and the ability to make discrimmatinns are 
studied sometimes w^hen two eyes are used, and at other times when 
only one eye is employed In these two cases certain veiv decided 
differences pertaining to adaptation, brightness discrimination, visual 
acuity, and space perception ha\e been brought out Targets may be 
used successively with one and with two eyes, oi simultaneous com- 
parisons may be made, pait of a target being seen by two eyes and 
the other part with one Figure 19 illustrates the latter form of 
setup [12] Two disks or other areas form the comparison fields of 
the target One eye is allowed to see both compaiison fields, and the 
other eye is prevented from seeing one of them The obstacle to the 
one eye may be a solid (opaque) black shield, or it may be a levohung 
disk (episcotister) with open sectors This soit of obstruction is only 
partial, it merely reduces the light flux from the one comparison field 
By such a method the efficacy of \arious partial reductions can be 
tested By reducing the intensity of the opposite comparison field, 
wffiich IS seen by both eyes, the quantitative effect of the tw^o eyes 
w^oiking together (binocular summation or subtraction) can be 
studied 

If a setup in which the two eyes can be stimulated independently is 
employed, the image of a bright disk can be placed on one retina, and 
the image of a dim disk on the curiespondmg area of the othei letma 
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The observer \^ill thus be made to see them as a single disk, since their 
images fall on concsponding retinal areas It would be expected that 
adding to the total stimulation by placing an image on the second 
letina \^ould brighten the suiface of the originally bright disk, but such 
IS not the case The leaulting brightness is le^s than with a single 
eye stimulated and lies somewhere between the brightness ol the two 
disks seen indnidually This is known as Fechner’s paiadox If, 
howe\Di, the two stimuli aie equally oi nearly equally intense, the 
lesultmg disk is bnghtei than the disk occasioned by only one of the 
stuTWih [9] 



Fig 19 



Fjgs 19 and 20* Setups to Indicate orrangoments for studying 
binocular vision 

In Hg 19f L and R repr«ktnl tha two f-l and r«2 the two feU objedi, fight from both of 
which reochei the right eye Ught from T 1 to the left eye may be porllaliy or totally obitrocted 
by on opbcolbter wedge (D) In Rg 20, il and 12 are light tourcej whwe effecltve Inteniity Is 
determined by their positions In their elongated hovsingi 1 and L provide for the Illumination of 
the surround* of 1 ond 2 In the target ’ The light from 11 to port 2 of the target b obstructed by 
a blind In the lower half of glou P light from 12 It reflected by the upper half of P S ond W 
represent any controlling screens or motors to be placed In the apparatus 


Binocular mteraction has also been studied with such a setup, as 
suggested in Fig 20 [17] By use of this arrangement not only the 
two comparison areas but also the field surrounding them can be 
varied, and by the episcotister M, light to one eye can be either par- 
tially 01 totally obstiucted In addition, the factor of Fechner^s 
paradox and that of the effects of one border upon another can be 
studied 

The effect of the use of two, as compared to one, eye on adaptation 
has also been studied [14] It has been found that binocular pie- 
adaptation on monocular vision is more prolonged tlian monocular 
preadaptation on monocular vision The time required just to be 



able to discern an object on its backgiound ha-^ been NtuUicd undei 
the several possible combinations ot preaclaptation and te-^t The 
longer the time, the slower is the adaptation 


Visual Acuity 

Whereas brightness di'scriinination has to do W'lth the factors of 
stimulus area, flux per unit area, t<»tal flux, duration of cxp^i'iurc to 
light, etc , in 1 elation to the gro'^ser aieal aspects of experience, vi'^ual 
acuity, a form of brightness discrimination, is concerned with the 
finer spatial aspects of stimulation and lesulting cxpeiicncc Whcicas 
m studies of biightne^s discnmination intemiiy diijoences aic the 
primary objects of attention, in visual acuity finer ^paiuil jeahues aic 
the central object of study Tht aim is usually to discovei how small 
the visual angle between tw^o objects in tlie xisual field may become 
without the objects still being seen as touching each othci To be able 
to see close-lying objects or aieas as spatiall}"' separate is to remlve 
them Tlie study of visual acuity is the study ot the fineness of 
resolution under various sets of conditions Resolution depends upon 
many factois, such as general level of illumination, difterence m 
intensity betw^een the areas involved, pattern of the field, and duiation 
of exposure to stimulation, as well as upon fineness of the retinal 
mosaic, etc 

Of primary consideration in the usual study of visual acuity is the 
resolving power of the eye, as dependent upon its relative ability to 
form a sharp image and upon the fineness of tlie retina! mosaic 
Image formation is by no means a mathematically sharp affair Such 
factors as blur circles provide foi a tapering illumination, lathei than 
perfectly steep gradients as boundaries between light and dark 
Methods for studying visual acuity have had to recognize this fact in 
more and more ways [1, 18] The retinal mosaic is the giid foimed 
by the ends (cross-sections) of the receptor cells and mtei cellular 
spaces It IS upon this giid that the retinal image is placed, hence 
"fineness of grain'^ m the letinal mosaic plays a clcteimmmg role m 
visual acuity Methods in the study of visual acuity peitam to the 
systematic manipulation of physical conditions to indicate the factors 
which control visual resolution 

Visual acuity is measured clinically by the use of black letters of 
standard sizes or of the Landolt bioken circle (Fig 3) in a senes of 
sizes and positions Letters w^hich subtend 1 minute of arc when 
viewed at a distance of 20 feet are taken as the normally resohable 
size These letters are placed in row^a, successive row's subtending 

m 



smaller and smaller visual angles Tlie ability to read tlie letter'- of 
the small lows indicates bettei than noimal vision The ability to 
discern only the laige letteis at a distance of 20 feet indicates less than 
noimal vision It an indnidual can lead at 20 feet only the letteis 
\\hich should be lead at 40 feet, his vision is 20/40 oi subnoinial 
according to such ciude charts 

In the laboratory the Landolt broken ciicle is occasionally employed, 
but the usual target is a pair of bais of diflorent widths, such as Figs 
21 to 23, 01 giatings, aa in Fig 24 Even very fine single lines, as m 
Fig 25, have been used 



Fig 21 Rg 22 Fig 23 Fig 24. Rg 25 


The factors to consider in the foimal measurement of visual acuity 
by bars or lines arc (1) the luminous-intensity relation of bars oi 
lines and field, (2) size of field, and (3) width of bars The e\pen- 
ment may consist m using light bais on a dark field, or daik bars on a 
light field The use of the two piocedures has turned out to be moie 
than piecautionaiy, for the icsults aie quite unlike As m the study 
of brightness discrimination, the size of the fieJeJ wlien it is illuminated 
IS impoitant It is obvious that these arrangements (Figs 22 and 23) 
pioduce what can be called a glare situation, if the bais aie at all 
intense Foi some purposes tins is objectionable, but the icsults of a 
setup of this sort are neveitheless important to know 

Visual acuity, defined as the reciptocal of the )U8t lesolvable visual 
angle nieasiued m minutes of arc, becomes progi essively gi eater as the 
field illuminated is increased, regardless of whether bioken ciicles or 
giatmgs aie used The absolute lesults, liowevei, are not equivalent 
At low illuminations the bioken circle piovides for a lowei visual 
acuity tlian the giatmg At high illuminations the bioken circle 
provides for a higher visual acuity Somewheie the curves repieaent- 
ing the two functions cross Light bais on a dark field provide foi an 
inci easing visual acuity only until a certain level of intensity is 
leached (in some evpoiiraents, between 0 and 4*1 log photons), 
beyond vhich a reversal seta in [40] 

Although It might be thought that resolution depends almost if not 
exclusively upon the magnitude of the interspace and the related 
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intensity features invoked, tliw is not the case The uidth of the 
bais, as well as their sepaiation, is an eftectne factor in detornnning 
resolution Bioacl and nanow bais (Figs 22 and 23) do not yield the 
bame lesult [18] As the intensity of light hai^ on a daik field is 
raised, \isual acuity first uses rapidly With Vridc bars the use 
^louly continues after the initial lajnd on^^ct, but uith nanov bais 
Msual acuity falls again vci’y slowly This might he explained on 
the as'^uniption that bordeis inteifeie with each othci The highest 
Msual acuity of all has been recorded with the single lines Resolution 
of lines winch subtended only 0 5 niinutos of are hab been lecurdcd 
It IS important in methodology to note that the subjective wudth 
of bright bars undeigocs stiikmg vaiiations dining manipulations of 
intensity Tlie shift in contours uf the bais lias been attributed to a 
form of II radiation How^ this n radiation opeiates lias been the 
subject of study by a numbei of individuals [40] 


Color Discrimination 

There are three wavs of disci iminating eoloi through its hue, dis- 
tinguishing red, yellow, gieen, etc , through its biightness (brilliance, 
tint) , and thiough its saturntiont the amount of the hue present (deep 
blue as against a blue-gray) These attributes of colui have connec- 
tions wuth tivo aspects of radiant eneigy, namely, wavelength and 
flux density Culoi may be experienced m sevcial ways in accoi dance 
with the conditions undei which it appeals There aic suiface colors, 
film colors, and volume colois In looking thiough a spectioscope, foi 
example, the obscived coloi has a completely difleient Lind of appeal- 
ance fiom the same hue on the suiface ol objects The formei is n 
film coloi , the lattei is a surface coloi Again, the coloi of some 
fluids has a certain voluminouaness that is absent in the other two 
cases, the color seen in looking thiough a cleai fluid is a \oIume 
color 

Tlie human eye is not equally sensitive to all wavelengths within the 
visible band One of the fundamental procedures in the study of 
fusion has been tlie examination of this differential sensitivity Tlie 
findings are icpresented m a giaph called a vi^^ibility cui\e, or a 
luminosity curve In obtaining data for this cur\ e, a form of matcli- 
ing 18 employed The various wavelengths aie adjusted in intensity so 
as to give equal biightness The recipiocals of these values are 
plotted on a scale of 1 0 to 0, the wavelength wuth the lowest intensity 
iiavmg a value of 1 0 Figme 26 mdicates sepaiately the luminosity 
values for scotopic and photopic vision The scotopic cuive is obtained 
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by u^ing only enough light to activate the rod-receptoi3, and the 
photiipic by using enough light to activate the cone-ieceptois The 
actual values arc not equivalent in the t\\o curves The cuives show 
only relative \alues for the difteient parts of the spectrum^ the actual 
values having been converted to a common scale 
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Fig. 26 Luminosity curves 


White 



Fig 27, An example of 
the color solid. 


The next consideiation m undeiatanding color peiception is the 
ascertainment of the total number of colois peiceptible This is done 
by finding out how many JND's of hue, bnghtness, and satuiation can 
be discerned 

Since there aie tlnee vaiiables to color experience, an oiderly lepie- 
sentation of colois can be handled by a geometrical solid Coloi 
solids of various sorts have been made One of the oldest was a 
double pyranud, base to base (Fig 27) The axis from apex to apex 
represented the bnghtness scale (achromatic axis) The comple- 
mentaiies, red-gieen and blue-yellow, occupied the opposing comers 
Distance from the axis outwaid to the pyramidal nm represented 
degrees of color saturation Such a solid was an oversimplification 
Although it I'epresented the most general relationship between the 
color variables, it by no means approximated quantitative relations 
One of the latest color solids is that of Nickerson and Newhall [33] 
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(Fig 28) It consi^U of mnc luogular segments of a ‘^cylmcleF’ placed 
one on top of the other Nine segments were chosen «o as to make 
the cylmdei compaie to the diMsiuns in the bughtness (value) dimen- 
sion of the ilunscll system, one of the jmjst ii^cd classifiratinns of 
coloi Each of these value segments is difteient in shape and size 
The rmis of each represent the hues of the spectrum, and the segments 
are quite eccentric to the \alue axis This eccentiicity vanes pro- 
giessively fiom one segment to the other, as can be seen in the figuie 
The two basic facts of coloi which stand out in the color solid and 



The sogmants -from top to bottom oro numbered. The letters surrounding the solid Indkote the 
locations of the hues. 

in color systems ^\ic\\ as the Munsell are that not all hues may reach 
the same saturation, as measured in JND steps for multiples thereof) 
and that the maximum possible degree of saturation vanes from one 
level of brightness to another for almost all colors 
The Mungell color system uses the three dimensions of color in the 
following way In it there are foity subjectively cqui-spaced hues, 
and chips (specimens) of them are arranged on twenty cliaits, each 
with a hue and its complement In each chart the chips are arranged 
on a value (brightness) scale of nine subjectively equally spaced steps 
Horizontally the steps are of subjectively equal chroma (saturation) 
All chips having the same position on the several charts presum- 
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ftbly possobs the ‘^ame chroma Red, for instance, \m 11 ha\e moie 
steps in the cliroma dimension than will the unsaturated Inies, such 
as yellow 

One of the fundamental proceduies in coloi study hab been to 
Jeteimine the experiential (sensoiy) i exults fmm combining selected 
poitions of the ^pectiuni This has been done by means of the coJoi 
wheel, m which different coiois occupy ^aiious ladial segments 
When the wheel is revolved, the scpaiate fi actions ^‘fuse" and become a 
new coloi This proceduie has been called colui -mixing Although 



Fig. 29 The optical system of a Helmholtz color mixer, such as was used by 

Hecht 

G ground glats, L = light lowc^, N « a Nkhol prlim, S = flit off a collimator, R * Rochon 
prlim, and E = the oyo at tha oxit pupil of ffia tala*cop© Portlom of the face* of the prl»m are 
vliible and are seon at contiguous semicircular fields The whole field hat a visual angle of leu than 
1 5° thvi jtimuldting within the rod-free area of the eye For an explanation of Ihe octlon of the 
prUms lae [24] 


this IS Simple as a procedure, it involves complexities not undei eontiol 
The use of sui faces as coloi 'sources involves uncontrolled reflectances, 
uncontrolled qualities of illuminants foi the surfaces, etc 
The best analytical w^ay of studying color is with the spectiometei, 
an mstruraent by winch controlled scpaiation of white light into its 
spectial components (wavelengths) and lecombmation of them can 
be accomplished One form of the spectiometei is the Helmholtz 
color raixei, the essentials of which aie indicated in Fig 29 [24] 

It has been found that normal coloi vision is trichromatic Any 
part of the spectrum may be matched by a field whose radiation is 
composed of three properly chosen other parts of the spectrum By 
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the matchnig tcchnKjiiL‘, dctcctb in tnloi peiception lia\e been fmind 
in ceitain infinifluaW [28] ^urae defects are called color 'v\eakness, 
otlieis, coloi blindness The^e defects con^.iat in coniu^iiig vaiious 
paits of the speetium with each othci The individuals with detective 
cold vision are loughly as fuilmvs (1) pci^nns wIjo contuse pails of 
the spectrum but who ue\crthele-s requue tluec primaiv wavelengths 
to make a spectial match (anomalous tiichioniats) , <2) per-ons who 
confuse laige puitions of the spectiiiin and ran match any part of it 
with a mixture of only tw'o piimaiies (dichimnats) , and (3) peisons 
who aie futlv coloi -blind (monochioinats) 

Dichromats aic of thiee kinds («l piotanopcs, who confuse giocn, 
yellow, and led and match blue-gieeu with white, (6) cleuteranopes, 
who also contuse thc^ie coloi s but have a distnbutiun ot biightness 
peiception much like noimnl pcisons, and (c) tiitanopcs, who mateli 
a point in the yellow^ wuth white 

Munochromats aie of two kind& (a) the scotopic monnehromats, 
those \yhose brightness sensitivity follow^ the \isibility cune fui lod 
M^ioii, and (b) the photopic monochiornats^ those whose biightne^s 
vision follows the visibility curve foi cone xision 

Coloi weakness consists in a i eduction m the number of distinctions 
(JND^s) that can be made wdien tested with spectral stimulation 
Color blindness ib the total absence of ability to discriminate on the 
basis of wavelength In such cases only intensity disci immations 
are possible 

Since the eye (the obseiver) cannot analyze radiation into its 
spectral components, coloi experience lepi events an over-all eftect 
Theie are many diffcient stimuli (coloied surfaces, cto ) of complex 
w^avelength composition which will elicit the same color sensation 
Instiumentally, however, the diftereuce m actual spectral composition 
can be detected 

A usablo connection betw’een color sensation and the spectial 
reflectance of surfaces has been worked out The technique of obtain- 
ing these relations between the spectial stimulus and color expeiicnce 
IS called coloi specification Instrumental cotui analysis by eithei a 
spectroiadiometer oi a spectiophotometex is fust necessary Tire 
information obtained fiom these instruments is tiansfoiinod by ineana 
of standard data fiom coloi -matching experiments The most used 
system for color specification is based on the supposition that the 
chromaticity (hue and saturation) of the stimulus can be specified by 
the quantities lepreseutmg the proportions of three primary light 
distributions needed to match the color experience indliced by a given 
stimulus The pnmaiies stated m teams of their intensities aie called 
the tn-stimulus values 
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Intermittent Stimulation 

Any portion of the visual field may be illuminated by ladiation 
which fluctuates in intensity If the one phase of the fluctuation 
reaches zero, the stimulation is intermittent The most common expel i- 
mental setup employs a disk target as the fluctuating field, while the 
surrounding field is left unilluminated [1] Among the more complex 
taigets IS the disk-aunulus pattern, in which the disk altei nates in 
intensity [8] The intensity level of the annulus may be set at any 
fixed level or may be systematically vaiied step by step The annulus 
level 13 often halfway between the higli-mtensity and the zero-intensity 
phases of the cycle The name of the cxpenence of lapidly fluctuating 
light 18 flickei 

In general, the objectives involved in tho study of fluctuating and 
intermittent stimulation are the following (1) to discover the experi- 
ences elicited by mteimittenciea of diffeient lates, when intensities and 
spatial features are also systematically vaiied, (2) to relate these 
experiences to quantitative featmes of the stimulus situation, and (3) 
to relate these fealuies to neuial events m the visual pathway 

The salient feature of intennittent stimulation is that the senes of 
disci ete flashes mtcnuptiug darloicss gives way to a series of diffeient 
phenomena as the rate of stimulus inteimittcncy is raised (1) The 
flashes cease to be fully disci ete, absolutely daik intervals disappeai, 
light begins to fill them m Finally the expeiience is one of a con- 
tinuously lighted field (2) Superimposed on this is an undulating or 
flicker component As the stimulus rate increases, flickei becomes less 
extieme and more rapid in its undulations, it is said to become ^^finer ” 
Finally a stimulus rate is reached at which a unifoimly bright field is 
seen, all flickei disappears The ^'fusion point” has been i cached 
The lowest stimulus late responsible for this is tlie critical flicker 
frequency (CFF) 

Strangely, little attention has been paid to the experiential phe- 
nomena below the fusion point [8] Most of the woik on mtermxttent 
light stimulation has been directed towaid determining and measuimg 
the various factors involved in the production of fusion, i e , measuie- 
ments of CFF It has been found tliat area of the mterraittent field, 
intensity of light, and ratio of the stimulus duration to interval 
between stimuli aie the majoi factors Various parts of the spectrum 
do not elicit like responses at all intensities. The intensity level of the 
surround also plays a part 

It has been possible to study response to intermittent light m sub- 
human species by the use of certain speoifio motor reactions of animals 
while on a stationary flooi mslde a horizontally levolvmg dium com- 
posed of vertical black and white bands [12] 



The ‘-tudy of inteiniittent stimulation has been instrumental m many 
ways m disclosing the nature of the phutot eceptoi process and the 
natuie of the neural processes in the retina and elsewheie along the 
visual pathway [12] The fundamental feature of time as veil as 
intensity can be studied to best advantage by \a110us5ly spacing the 
components m a senes of stimuli Reco\eiy, in addition to excitation, 
can be examined With intermittent stimulation the onset and the 
V axing and waning of biightne&s sensation m relation to stimulus 
characteristics can also be studied to advantage 
One of the oldest geneiahzations which has come out of the use of 
intermittent light stimulation is Talbot’s law, 2 which pertains to the 
bnghtness resulting fiom such stimulation It states, m effect, that 
the lesultmg bnghtness level is to the bnghtness level induced by 
continuous stimulation as the fi actional time occupied by the inter- 
mittent stimulus IS to the continuous stimulation, le, if the photic 
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Light^dark relations 


Fig 30 This figure shows results of varying flash rate with ring annulus 

target 

Upper left diagram Indkafet aubjoettvo allemallon of llghf and dark phaiftt. Upper right diagram 
ihows the some phenomenon lower left eflagrom showi the beginning of overlapping lower right 
diagram shows Ihe iub|»c1lva ilmultanetty of phases, the dark phase saen through the light phase» 
At still greoter flaih rates simultaneity Is lost and fusion approaches 


pulse and the “dark” period 'are of equal lengths, brightness is one-half 
that expected from continuous stimulation This reduced bnghtness 
IS often called the Talbot brightness Thought of as a level, it is 
often called the Talbot level 

Single pulses of light are seen as brighter than continuous light of 
the same physical intensity This greater effect also pertains, within 

3 Talbot’s law can be stated mathematiaall}, for example, as follows 

whore is tlie Talbot intensity, /c, the subjective Intensity of the same source 
when eontmuous rather than intermittent, Ut the time occupied by the flash, and 
Uf the time occupied by the dark interv'^al 
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ceitain lato limits, tu upuatcd puho's and lias been called bnghtnc^s 
enhancement [1, 21] 

Aside fiona brightness enlitinccinent, one of the outstanding phe- 
nomena lesulting from siibfusion stimulus lates is the existence of 
the daik and light phft'scs of the cycle bimultancouslv [1] This occuis 
only \ihen the inteimittently illuminated suiface is surioundccl hy 
a steadily illuminated field, eg, an annulus With slowly mcieasing 
rates of stimulus lepetition, the two phases [L and D) can be seen to 
shift fiom alternation to simultaneity (Fig 30) If the late is further 
inci eased, this phenomenon {L and D simultaneity’) disappears AVhile 
the tyo phases aie still seen concuiicntly, the light phase is a glaiy 
translucent him thiough which the daik phase can be seen lying behind 


The Perception of Motion 

Studies on the peiception of motion involve vaiious senses and are 
of many kinds Tho«?c that invohe the visual peiception of motion 
may be di\ided into thiec kinds (1) the use of moving stimuli \vith 
the obseiver stationary, (2) the use of successive stationary stimuli 
to give the impieasion of motion (apparent movement), and (3) the 
use of a moving obseivei (not necessarily m a\iation, but m special 
laboiatory experiments) whose lelations to well-knoun objects (eaith, 
hoiizontahty^ etc ) are changed Whereas many investigations of the 
first two geneial kinds have been pcrfoimed, study in the third catcgoiy 
(outside of lotation experiments and aviation) is only in its begin- 
ning At the piesent time the most common pioceduies in studying 
visual movement involve two geneial sets of conditions, those in which 
the stimuli move and those m which they do not 

It 13 of fundamental importance to recognize that a necessary 
requisite m eliciting the visual experience of movement is a certain 
kind of differential stimulation of receptoi mosaic and that this may be 
accomplished by difference in intensity of stiinulation, as well as in 
time For example, a homogeneously illuminated field, suddenly 
mcreaajng or deci easing m intensity, induces the visual expenence of 
movement When it is remembered that the retina is graded m its 
sensitivity fiom fovea to penpheiy, and when it is assumed tiom 
ceitain neurophysiological facta that conduction to the cerebial centers 
vanes m accoi dance with stiength of peripheial excitation, the neces- 
eaiy temporal factors exist to account foi the kinds of visual movement 
expel lenced 

Gamma movement, the expansive movement seen as illumination 
suddenly increases (Fig 31), can be reveised if the propei taiget is 



mccl («ee Fig 32) It the fitkl illujiiinated nifHc intensely at the 
peiiphciy than in the centei, the mo\cnKnt will be centripetal, lather 
than centiitiigal, when illumination h suddenly increased [1] 



Fig 31 Fig 32 This diagram Indf- 

cates a visual field of wide 
angle and of greater inten- 
sity toward the periphery 
than at the center 


Theie are many phenomena to be con^ideied in 'studying the pei- 
ception of motion, but they, like a number of othei visual phenomena, 
are leseived foi Chapter 6 on studying perceptual phenomena 


Motor Aspects of Visual Behavior 

Vision as a mode of contact between the oigamsm and its physical 
suiiounds IS not fully undei stood until its motoi aspects aie considered 
These motoi aspects mcludo the adjustments of the eyes so as to be 
optically adequate and the e\ploiatoiy and ^hnanipulatoiy”'^ move- 
ments of the eyes themselves, as well as body po'^ture and, at times, 
appropriate bodily movements 

Eye-moVcment cameias of various soit^ ha\e lieen employed to 
record the action of the two eyes in reading and m other situations, 

8 A \erv greatly neglected factor in the '?tiid> of \i5iod the roaming bebaMor 
of the e^es Moat ideas with regard to \lsiod, i e , the fineness of Msual 
etc , tacitly fussiime the e\es to be motionless Tactile iinpresMons are generally 
gamed by moving the eensltiie part over the object to fed ‘Voughnev^’’ or siimlar 
properties The eye does an analogous thing by its own motion In the hand 
this actiMtv IS called manipulation It is not too far fetched to speal of the 
ocular activity as manipulation, if the essence of the word, m both cases, lies m 
the exploiiihon 
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sucli as observing apparent movement, oi the autokmctic movement 
(Chaipentiei’s illusion, etc ) These situations geneially involve the 
piojectioD of a spot of light onto the eje, lioin which it is leflected 
onto a leeoiding film and moves in accordance with eye motion 
By othei instiuniental setups vanoiis measuicments ot conver- 
gence and accommodation and then mteiielations have been made 
Although most of these measurements have not been made m psy- 
chological laboratones, they form an important pait of wdiat the 
experimental psychologist should know^ about vision Instiuraents foi 
this puipose arc varied, but characteristically employ lenses and prisms 
for the puipose of putting either accommodative oi conveigence 
demands upon the ob'^erver, who is, in effect, mstiucted to resist eithei 
bluinng 01 double vision (diplopia) So-called ergographic proceduies 
have been employed in this connection m the study of convergence 
and accommodation [26] By ingenious manipulation of conditions 
a number of mtei relations in function bet^veen accommodation and 
convergence have been woikcd out 
PupilJaiy belmvioi has also been studied Pupillaiy diametei has 
been measuied by seveial devices One is an optical anangement 
which can be adjusted so that, w^hen the second of two points of light 
can just be seen, a scale is lead and the measuiement transfoimed mto 
a known pupil diameter Othei devices include instruments for sight- 
ing upon the eye A final and much better method is photography 
This may be eithei flash photography to deteimme pupillary diameter 
at given instants, oi ultiaviolet or infiaied motion-pictuie photogra- 
phy, which enables one to follow the vaiiations in pupillaiy diametei 
from instant to instant [9] It is only by this method that the most 
precise knowledge of pupillary behavioi can be obtained One of 
the problems m pupillaiy behavior is the question of wdiat parts of 
the retma are effective, when stimulated by ligjit, in inducing a pupil- 
lary reaction (pupillo-motor response, or light lefiex) 

Another problem, as was implied, consists in determining the speed 
of pupillary reaction to abiupt changes in illumination level and to 
transient illumination of various dmations It has been found that 
the pupil responds by a change m diameter to a tiaiisient dark interval 
and that this i espouse is mediated, at least in part, by nervous paths 
different from the light reflex to transient light stimulation 
Photographic techniques have indicated that the pupillaiy light 
reflex is quite highly differentiated [9], In many respects it parallels 
perceptual behavior in quantitative aspects of complexity Foi 
example, it parallels the aheady desciibed Fechner^s paradox m its 
reactions, as can be demonstrated by using the very same experimental 
target arrangement already described to demonstiate Fechner^s paia- 
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dox If the pupils are photographtd in infrared radiation, pupillaiy 
behavior undei the lo^, as well as the high, level of Msual stimulation 
can bo recorded As the light falling on one retina is inci eased, the 
pupils of both eyes constrict If, aftei icaching a high level, the light 
in one retina is held constant, and weak light is cast on the coiresponrl- 
ing area of the second retina, the pupils “paiadoxically*' begin to dilate 
instead of continuing to constrict With increasing intensity of light 
on the second letma, the dilatation becomes still gi eater Aftei a 
certain point m intensity is i cached, however, conatuction sets in, and 



Log irtteasOy 
Fig 33 


by the time that the illumination of the second retina is equal to that 
of the first, both pupils have constricted to a point beyond that readied 
befoie the second retina was stimulated This cnnbtiiction is greater 
than that occurring when all of the bame total amount of light is cast 
on one retina These lesults aie shown m Fig 33* The curve with 
solid circles pictures the results when a given quantity of stimulating 
light IS gradually increased by casting it on one letina The curve 
indicated by the open ciiclcs pictnrea the outcome when the same 
amount of light is used, part being applied to one eye, and pait to the 
other The vertical line indicates the point at w^hicli the second eye 
became involved 

The parallel to Fechner^s paradox consists m the fact that increasing 
the total stimulation by adding stimulation xia the second retina fails 
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to mciease constiictiun, dcci easing it instead Only when the stimu- 
lation of the two eyes appioache'5 equality does the brightness of the 
perceived area oi the pupillary constiiction become gicatei This 
same pupillary behavior oecius when using non-coi responding retinal 
aieas^ and even when using two areas of a single retina Such a 
method holds piomise foi furthei compaiibons between sensations and 
reflexes 


THE STUDY OF VISUAL MECHANISMS 

Among the objectives of the study of vision is accounting for the 
phenomena that aie known to occur The means in\olvccl are gener- 
ally spoken of as mechanisms The mechanisms responsible foi the 
phenomena are of interest and significance For oui purposes, these 
incchanifems he within the organism itself 
Interest in visual mechanisrab leads the investigator to the study of 
the basis for tire phenomena in the several categones already described 
It directs him to physiology and anatomy, and to chemistiy and 
physics 

It IS evident that, for the most pait, adaptation is to be accounted for 
in teims of the photochemistiy of the receptors Difterences between 
adaptation in binocular and monocular vision have made it evident 
that the nervous system is aho responsible for adaptation 
The kuowdedge gamed fiom studieb of the discharges of single 
receptor organs [3, 22], as well as studies wJiicli disclose how photo- 
receptor systems operate [4], have helped to account for brightness 
discrimination 

Processes underlying coloi vision have possibly received more atten- 
tion as mechanisms than have those underlying any othei aspect of 
vision [16] Thcoiization regarding color vision has been persistent 
over many decades Only recently, with neurophysiological techniques 
which lecord retinal actnity, is new progress beginning to be made 
m answering some of the fundamental questions upon which any 
understanding of color vision must icst [20] 

It has been shown that the pnmaiy ocular mechanisms upon which 
space perception rests is the differential nature of the images in the 
two retinas [34] With every eye movement or change m position 
between the object and the observer, the lelations between the shapes 
and sizes of the images m the two retinas change and foim a basis for 
the experience of object position What role the innervation of the 
extrinsic eye muscles plays is not yet certain, although it is apparent 
that this role is secondary As was already pointed out, the perception 
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oi motion is dependent upon M)iiie uf teinpoially diftcientiated 
excitation reaching the cential ncnous sv^tcm, and this can be induced 
by eithei stationaiy or phy^\caUy mo\mg objects 

Visual phenomena pose inolai as well as molecular problems This 
IS to say that explanations aimed at accounting for such problems 
must tell ho\v vaiious parts of the letiiia, or ho\\ tlie Uo oi 

even how othei paits of the ner\mu« system woik togcthci Tlieonc'^ 
developed to sohe such problems aie often ^\hat are called field 
theones [11] Field theones aie those \\hich desenbe the system that 
IS known to be involved as a complex unit, the activities of the parts 
of which are controlled by laus of the system as a v hole Theic are 
many phenomena that demonstiate the need foi such explanation, but 
as yet little headway has been made in denying fundamontal field law^s 

The phenomena that acciue fiom casting light on the optic dbk oi, 
more inclusively, from casting unequal intensities of light on tlio optic 
disk and the lest of the letina, load quite immediately to questions of 
undei lying mechanisms It is gcneiallv taken foi gi anted that the 
optic disk contains no leceptoi elements m photically sensitive tissue, 
but ceitain phenomena still pose questions of optic-disk sensitivity m 
the minds of some investigators Blind-spot phenomena seem to be 
dependent on spatial features of stimulation in such a way as to come 
into the categoiy of field phenomena Hence, to study blind-spot 
phenomena is eithei to study them as examples of field phenomena or 
to study them for their own sake and to attempt to discover the 
mechanisms underlying them 

Kohlei and Wallach [29] have studied “flgural afteieffccts” as basic 
explanatoiy phenomena or as illustiative of some basic mechanism 
or mechanisms in the oiganism Although they use perceptual 
phenomena, the ones they select aie paiticularly appropriate foi inves- 
tigating aftereffects which provide for theoietical speculation on 
physiochcmical mechanisms in the cential nervous system (See 
Fig 2, p 171 ) 


METHODOLOGICAL SUMMARY 

In spite of its brevity, the foregoing piesentation of methods in 
vision should lead the readei to develop some such ideas as the 
following 

1 That visuhl sensation is capable of measuiement when the experi- 
mental setup is propel ly planned 

2 That the measurements pertain to the lelations between expen- 
enoe and physical conditions in the individuaTs surrounds 
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3 That such measurements aie possible because instructions given 
the subject lule out, oi at least greatly minimize, individual diffeiences 
in ciiteria and other contiibutive featuies involved in observation 

4 That the phenomena dealt with in the vaiioua classes of visual 
evpeiiments are pioducts of the specific sets of conditions in\olved 
To undei stand lesults, the conditions under which the data were 
obtained must be known 

6 That usable foims of Msual obsei^ations are compansons in 
which two featuies aie matched thiougli manipulation of stimulus 
conditions, or one is diffeientiated fioin the other by manipulating 
conditions until a just perceivable diftcience arises 

6 That the measures obtained (thiesholds, etc ) are statistical 
because of the fact that ideal piecision is never obtainable In a senes 
of obseivations aimed at determining a relationship between stimulus 
conditions and exponential outcome, both the stimulus and observer 
change at least enough to piovide a senes of data differing nuraencally 

7 That, because of the fact that the observer is a confcributoi to the 
experiential end icsult, not all lelations which are important to 
discover lie solely between stimulus conditions and experience, but lie 
in part between discoverable features of the individuaFs organization 
(alignment, attitude, etc ) and the cxpenential end results This leads 
us to the study of '‘perceptions^ as such and to the frequent use, in that 
study, of the organism rather than tlie pliysical world as a primary 
refeience 

8 That vision la not fully undei stood until the mechanisms undei - 
lying it aie detei mined and compi eh ended 

9 Last, but not least in nnpoitance, that there is much yet to be 
discovered about the basic featuies of the contact between the indi- 
vidual and the physical woild 
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Chapter 8 


Studying Hearing 

Ernest Glen Weve?'^ 


In our atudy of hearing vve employ a variety of methods physical, 
anatomical, phvMological, clinital, and pteychological Most problems 
must be approached Irom several diiections at once, nitli all the tech- 
niques a\ai]able Recent yeaia hiue seen notable clcvclufiinent^ of 
the methodology lu this field Paiticulailj significant is the growth 
of electronics, v.hich has pot m oui hands new tools lor the production, 
contiol, and mcasmement ol tunes and theicby lias stimulated a 
re-exjfioration uf auditory phenomena Alsu the dc\elopinent of high- 
gain amplification has gi\en birth to a new physiological appioach, 
the method of clectiophybiolog^’', in which acou&tic processes are 
studied m terms ot their electrical manifestations These two types 
of methodology, the electrophysiological and the phenomenological, aio 
the ones with which we shall be espLcmlly conceincd 


THE ELECTROPHYSIOLOGICAL METHOD [5] 

The electrophysiological method makes use of the fact that all living 
piocesses have an electrical aspect, and the activities of tissues are 
reflected m a change of elcctiical state By lecoiding the electrical 
changes w^e obtain infoimation on the natme of the oiganic piocesses 

In hearing there aie a numbei of levels at which the electrical 
responses can be studied They can be obsciwed at the cochlea (see 
Fig 1}, the auditory nene, and in any of the nuclei and fiber tracts 
of the acoustic system of the brain, up to the temporal cortex At any 
level we discovei the form of the activity, as determined by the 
initiating stimulus and the vauoug tiansformations that have taken 
place up to that point The study is piactically limited to experi- 
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ineiii:al animals, although in a /ew instances the oftect9 have been 
demonstrated in human subjects 

The technical pioceduie consists of anesthetizing the animal, oper- 
ating upon it to gam access to the tissues concerned, and then placing 



Fig 1 Diagram of the ear 

T]i« stippled regions r«pres«nl bone, and Hie shaded portions Indicate cavIHei filled wilh perilymph 
f »« round window, o = oval window (After Czermak, from B Boring, H langfeld, and H Weld, 
InfrodutUon io Ptychology Reprinted by poimUslon of the a\Hhors and John Wiley and Soni, 


an electiode in contact with the active cells or as close to them as 
possible, with a second electiode neai by, usually in inactive tissue 
There will generally be a diffeience of potential between the two 
legions under the electrodes, and this diffeience will change when one 


Active 



Speaker Sound Ear 


Fig, 2 Apparatus for study of audloelectric responses 


region becomes active The changes are amplified to whatever degree 
necessary — usually somethmg of the oidei of 60 to 120 decibels — ^in 
order to operate a chosen recording device, The specific aiiangementa 
vaiy with the problem at hand, especially m the recording of the 
electiocoohlear responses and the various forms of nerve action 
potentials See Fig 2 

The electrocochlear responses aie produced by the hair^ cells of the 
organ of Gorti We obseive them most readily with an electrode on 
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the membrane of the louncl \\lndu\^, lium \^lnch theie js a good con- 
ducting path formed by tlie oochleai fluids The electrode is usually 
a piece of Sliver foil oi some othci conductoi that is flexible enough 
to maintain a good contact despite accidental movements and 3"et 
imposes no serious lestiaint on the membrane 

The recording method varies, thiee instiuinents aie especially use- 
ful, and at times all aie employed in a single investigation The 
amplified signals can be led into a telephone rcccncr or loudspeaker 
and then studied by listening In this method wo simply make use 
of the animars cai as a miciophone We stimulate his cm '^ith sound 
and asceitain the charactei of the responses It is astonishing on fiist 
experience to find that the stimulating sounds aie reproduced witli 
great fidelity, indeed, if we select the light kind of ear, e g , a guinea 
pig’s, we can equal the pcifonnancc of the finest commercial micro- 
phones This method is best employed for general exploratuin and 
qualitative studies, not for piccise measurements, liecau^^e the obacr\- 
Cl’s ear does not disci iininate loudness changes voiy well 

A second method employs the cathode-ray oscillograph, where the 
electrical changes aie piesenfed as a visible wave (aee Fig 6, p 410) 
Piecise observations of amplitude and wa\e fomi aie easily carried 
out A decided advantage is that the equipment will withstand a 
sudden overload without damage 

A third method employs a wave analyzer, winch is a vacuum tube 
voltmetei that can be adjusted so as to be sensitive to a single narrow 
band of frequencies Foi a given signal, measurements at a numbei 
of frequencies will reveal tlie composition of the potential wave A 
sample analysis is shown m Fig 3 

The cochlear i espouses, when studied for various kinds of acoustic 
stimuli, give information on the natuie of the ear’s activities up to the 
hair cells The method is useful foi a vast number of problems It 
has been applied in the investigation of the functions of the various 
parts of the conduction mechanism, the natxire and locus of distortion, 
the roles of the tympanic muscles, the action of drugs on the cochlea, 
the destmctive effects of excessively loud sounds, the comparative 
efficiency of the eais of difterent species of animals, and many other 
problems In fact, the method can be used to investigate any function 
of the peiipheral meehaiusm that has to do with the transmission and 
utilization of sound A word of caution is necessaiy, however these 
indications are not synonymous wnth “hearing,” for hearing involves 
processes beyond the cochlea Tlius, for example, the fact th^t the 
oat’s cochlea gives potentials to tones as high as 30,000 cycles does not 
thereby signify that this animal hears such tones, the matter must 
be investigated fuither by other methods, as described in Chapter 12 
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The study of ncno potentials at the auditoiy nerve oi at higher 
levels lequiies fuithei attention to special technique^ The active 
electrode must be placed in intimate contact with the neurons, without 
damage to them Because the ner\'e elements are left in situ and 
lemam closely suiiounded by fluids and other tissues, a consideiable 
fi action ol then potentials is shorted a^ay, consequently the ampli- 
fication must be gieatei than that oidmaiily lequiied in recording 
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Fig 3 Analysis of the cochlear response in a gulnea-pig ear when stimulated 
strongly with a 1 000-cycIe tone 
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impulses from isolated nerves The most suitable recoidmg inatru- 
ment is the cathode-ray oscillograph Piobleme which have made use 
of the auditoiy nerve responses include the representation of intensity, 
the maximum irequency of nerve impulses, tlie locus of masking, the 
specificity of tlie fibers, and others beaiing particularly on the theory 
of hearing 


THE AUDITORY RANGE 

The physical vibrations that we call sounds may vary m frequency 
frqm zero indefinitely upwaid, yet tests canied out on any particular 
ear show sensitivity ofily within a limited range A determinaUon 
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of the upper and lower limits of this lange is one of the primary piob- 
lems in the study of hearing 


The Upper Limrt of Hearing 

If we present to the eai a simple sound whose frequency is gradually 
raised, we hear a tone that grows higher and higher in pitch until 
ultimately it can no longer be percei\cd Foi a y>ung person of good 
hearing the^ point at which the tone disappears will be somcw'hcie 
beyond 20,000 cjtIcs, peihaps around 23,000 cycles, provided thu 
stimulus IS sufficiently strong A weaker ^tinuihis will become inaudi- 
ble at a lowci frequency The uppei limit of hearing thcrr*forc must 
be stated, not as a function of frequency alone, but of intensity as 
well This situation may seem to mean that, if the intensity wxre 
laiBcd sufficiently high, the freeiucncy range would be extended indefi- 
nitely, if w'e attempt to test this possibility, however, wc encuunter 
a further condition that imposes a practical and final limitation The 
tone becomes painful, and it is a pam that cannot be ignoied Not 
only does the subject object to it, but if we should persist the eai 
would be damaged nreparablj, as animal experiments have proved 
We therefore define the upper limit of hearing as the terminal fre- 
quency at which pitch is perceived, for intensities that are below the 
pam or injury threshold 

Actually we do not have as yet any complete information regarding 
the upper limit as thus strictly defined, both because investigation in 
the neighborhood of a pam threshold is disagi'ecablc and somewhat 
dangerous, and because the production of tones of the necessary 
frequency and intensity is physically difficult Our determinations 
approach the true limit and show the region of frequency beyond 
which it lies, and for most ordinary purposes we may be content with 
this approximation 

Early methods of producing high tones made use of small whistles 
or metal bai^ Gallon devised a miniature whistle with a variable 
plunger that could be screwed m or out to change the pitch, and he 
fitted it to his walking stick bo that he coukl test the reactions of his 
friends and also of the animals he visited xn the zoological gardens 
Unfortunately^ Qaltda’a whistle-r^and the same is true of latei 
improvements on it — becomes eiratic m performance when screwed 
dowm to a very short length and also is subject to sanations according 
to the blowing pressure Equally serious is the fact that its tone is 
accompanied by a hiss containing vaiioue low fiequencies produced 
by the rushing stream of air, and a subject’s ability to disregard this 
sound in favor of the proper one is often open to question. 



A steel bai hghtlv suspended b> strings placed about a quaiter- 
length flora the ends \yi 11 vibrate transversely aftei being given a sraait 
blow at the midpoint Such bais are known as Koenig ban, being 
named foi the famous acoustician and instiument-makei A difteient 
bar must be cut for each fiequency So far as accuiacv goes, this 
instillment is decidedly supenoi to the Gallon whistle The fie- 
quency vanes slightly with tempeiatuie, but this variation can be 
calculated if desired The noise made in sinking the bar is, however, 
a drawback 

Theie aie two modem developments of the metahbai method, each 
of which avoids the noise of sinking by employing an electrical foim 
of excitation In one, an elcctiomagnet is mounted opposite one end 
of the bar (which is fiimly held at its midpoint), and an oscillating 
electric current is sent thiough the electi uinagnetio coils to produce 
pel iodic magnetic atti actions A non-niagnetic metal like aluminum 
may be used for the bar if an iron disk is cemented to the diiven end 
The pel iodic stretching of the bai, when carried out at the resonance 
frequency, quickly builds up an energetic vibration, which in this case 
IS longitudinal lathei than tiansvcise 

A second form of excitation, which also gives longitudinal vibrations, 
employs the principle of magnetostriction Certain metals and metal- 
lic alloys — nickel, cobalt, and especially nickel-iron and nickel-coppei 
alloys — undergo a change of length when exposed to a magnetic field 
If a coil IS placed about the middle portion of a rod of such metals, 
and an oscillatory current sent through it, pei iodic alteiations will 
be produced, and by choice of the proper frequency a resonance can 
be established, just as m the electromagnetic method The electri-. 
cally actuated rod has the fuither inipoitant advantage ovei the 
simple Koemg bai that the intensity can be varied at will by control 
of the electrical input 

Given a suitable souice of high-frequency sound, the piocedure for 
deteiminmg the upper limit of hearing is simple The subject, seated 
comfortably m a soundpioof room, is msti acted to report at each 
trial whether he hears a tone The constant-stimulus mode of psycho- 
physical piocedure is the most suitable (See Chapter 6 ) 

Because the upper Imiit generally declines with age and is particu- 
larly susceptible to the effects of eai disordei's, the experimenter should 
make careful record of the age of his subjects, their histoiy of ear 
diseases, and any piesent condition like head colds, sinus infections, 
01 pressure sensations referred to the eardrum* 
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The Lower Limit of Hearing 


For several reasons, as \mII be seen, the towei Inmt of hearing is 
more difficult to determine than the upper limit In the fiist place 
we need to distinguish between a lo\\ei limit of pitch perception and 
a lower limit of frequency at uhich Simulation occurs These tuo 
limits are not the same, the car is still stimulable by frequencies that 
aie below the lowei pitch limit The lowci hmit of pitch is the prob- 
lem on whicli we have the most information at tlic present time, but 
the other, the stimulation limit, also de®ciwes consideration 

The expeiicnces that appeal on stimulation with puic tones of veiy 
low frequency are complex in nature, and their appieciation and 
analysis make severe demands on the subject’s attention and fekill 
A good deal of preliminary ])ractice is necessary to acquaint him nith 
his task If the stimulation fiequcncy is set first aiound a few 
bundled cycles per second and then is progicssnely lowered, &c\cral 
quahtatnc characteristics emerge The tone first becomes lOUgh, and 
as the frequency is further reduced the roughness grows greater 
Somewheie in the neighborhood of 30 cycles the roughness grades into 
mtermittence, a quality in which the separateness of the wave pulscB 

15 e'vndent The roughness too becomes greater as the fiequency falls, 
until it passes through a maximum perhaps aiound 16 cycles Betw^een 

16 and 20 cycles — often around 17 cycles — a new quality arises, called 
ft thrusting effect, which is partly auditory and paitly non-auditory , 
there occurs within each stimulation cycle a buist of high-frequency 
Bound, like a hiss, and at the same time theie appeal kinesthetic and 
tactual bcnsations which are referred to tlie middle ear At the very 
low frequencies, below about 15 cycle«», wdiere no low pitch lemains, the 
stimulation is heard as a pumping noise whose pattern is determined 
by numerous high-frequency components Although only the lowTr 
pitch limit may be the object of investigation in a given experiment, 
it IS obvious that a subject must be aware of these other qualitative 
characters and must analyze the pitch out of the total complex 
These other phenomena might be the objects of in\estigation also 

Low tones of pure (sinusoidal) form are difficult to produce and to 
handle Sinusoidal cunents can be generated by electrical means, 
but not very convemently, and unless unusual piecautions are taken 
their forms wull be distorted by the oircmts through which they are 
passed and especially by the instrument used to convert them into 
sounds The most satisfactory apparatus for low-tone production 
IS the pistonphone, a miniatuie pump driven by a crank mechanism 
w^hich converts uniform rotary motion into simple haimonic motion 



The frequency is \aiied by contiollmg the motoi ajieedb, and hero a 
stioboscope 01 a tachometer 13 needed to indicate the speeds Because 
the motoi used to drne the piston is noisy, good soundproofing is 
needed to isolate this pait of the equipment fiom the terminal part, 
where the ear is placed Also, since some of the motor noise penetrates 
to the volume of an on which the piston is woiking, acoustic fllteis are 
lequueci to prevent its passage along the line to the eai , these hlteis aie 
of the ‘^low-pass” type and allow the desiied tones to continue 
unabated The acoustic pressure set up at the end of the acoustic line 
IS a simple function ot the volume displacement of the piston and the 
total volume of an enclo'^ecl in the system, so that a leasonably con- 
venient method ol controlling the intensity is to vaiy this volume 
Volume chambers of vauous sizes may be inserted in the system to give 
the dcsiied intensity The changing of volume chambers takes time, 
however, so that quick modifications of intensity are not easily pro- 
vided Tlie system must be airtight, and the tenninal end ot the line 
fixed in the cxteinal meatus of the ear, with animals a cannula is tied 
into the 081, but with human subjects a satisfactory junction can be 
made with a tube having a bulbous ending, like the end of a 
physician^s stethoscope, and a bit of vaseline smeared on the outside 
to form a seal 


PITCH DISCRIMINATION 

The difference limen for pitch is defined as the fiequency change in 
a tone that a subject is able to perceive 50 per cent of the time, under 
ceitain specified conditions If we designate the fiequenoy of the tone 
by /, then the symbol a/ may be used to repiesent the statistical value 
of the difference limen The ratio of these quantities a/// is called 
the relative diffeience limen and is especially useful as an indication 
of pitch sensitivity, because throughout the middle portion of the 
range of frequencies it 1 emains reasonably constant 
Any of the standaid psychophysical methods may be used to deter- 
mine the difference limen foi pitch (See Chapter 6 ) The method 
bf constant stimuli is generally piefened as the most precise Accord- 
ing to this method, the subject is given two tones m immediate succes- 
sion and 10 called upon to judge the pitch of one with lespect to that 
of the other Several variables in the situation must receive attention. 
They include the duration of the tones, the time interval between the 
members of a pair, the intensity level, the number of ears— whether 
one or two — with which the subject listens, and especially the region 
of the frequency scale in which the measmements are made The 
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duration of the tones should be 0 5 ’^^econd or over, foi li it is too biief 
the discnnunatioB ^MU be unpaired The interval bct^^ecn the tones 
la a significant condition, and in geneial should he as short as manipu- 
lations of the equipment will allow, the longei thi^ inter\al, the poorer 
the disci immation The intensity !e\el oi, more btiictly, the lo^el 
above the subject’s threshold, is particularly impoitant foi the low- 
frequency tones, and for these its variations can produce changes aa 
great as two- oi threefold in the size of the limon, as Tig 4 illustiates. 
As the intensity 13 raised from bare audibility, the value ol the limen 
diminishes — the disci imination improves — until a level ot about 40 



level above threshold decibels 


Fig 4, Variation of relative difference limen with Intensity 
The curve Is for a 250-cycle tone (After Fifl 6 from Shower and Blddulph 13) ) 

decibels above threshold is reached, after which intensity changes liave 
little further effect Ordinarily a level of about 60 decibels is suitable, 
but for tho very low and very high tones, for which the cai is relatively 
insensitive, a lower level may be advisable to avoid pain or other 
extia-auditory sensations Tlie selection of a suitable level usually 
requires exploratory tests on each subject The numbei of ears used 
IS determined by the interests of the experiment and the experimental 
arrangements If the sounds are made by a loudspeaker in the open 
aiv, it IS more convenient to allow the subject to use both eais, but 
more often a telephone receiver is used ns the source, and but one ear 
18 stimulated Discumination is a little better for tuo ears As 
already mentioned, the relative difterencc hmen faiily constant in 
the middle of the frequency scale, Imt it becomes somewhat laiger for 
the high tones, and very much larger foi the low tones, as shown in 
Tig 6 

A comparatively new method for the study of pitch discrimination 
13 the warble method, which is distinctive not only in the mode of 
presentation but also m certain of its psychological aspects [2] 
Instead of presenting tw^o separate tones of different frequency, this 
method employs a sustained tone whose pitch is made to vary pen- 
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odically The subject ib lequned merely to leport whether he heais 
a steady oi a vaiying pitch The warble rate> or the rate at ^hich the 
fiecjuency is changed back and lorth, becomes a significant variable, 
and something like 2 cycles of change pci second has been indicated 
as the optimal late Also important is the inannei of switching 
whether abrupt or gradual An abiupt change has the disadvantage 
that it conveits some of the acoustic energy into vaiious high fie- 
quencies which the subject hears as a series of clicks A sinusoidal 



Fig, 5 Variation of relative difference Ilmen with frequency* 

All ton*, w*re glvan ot on Intatulty 40 db above threthold (After Fig 5 from Shower and Bid 
dviph [2] ) 

form of transition is theoretically the most suitable, as it gives a 
minimum of such transient sounds, and m piactice has been found 
satisfactory With low tones the abrupt changes pioduce smaller 
limens, but the subject is piobably using the transient patterns to 
some extent rather than judging merely on the low tones themselves 
It IB to be expected that the warble method will give smaller limens 
than the standard methods, because it is easier to judge continuity, as 
against discontinuity, than to appreciate a difference and coirectly 
indicate its direction As yet, however, there has been no systematic 
comparison of these two types of procedure 

For both procedures the electric oscillator is the moat convenient 
source of stimulation, and for the warble method with smusoidal 
variations it is indispensable, In the warble method the frequency 
variation is produced by lotating a small condenser m the tuned cir- 
cuit of the oscillator 

As is usual, care should be taken that the tones are pure, but it is 
reported that harmonics in moderate amounts do not greatly affect 




pitch discrimination The hmci the fiequency legion, the moie 
serious they would be expected to be 


LOUDNESS 

The psychological inagiutude of nn auditory expentnee is its loud- 
ness, and this dimension varies as a function ol se\ernl conditions 
the physical intensity of the sound, its Jrcquency and composition, the 
sensitnity of the car, wdicthei listening is done with both cats or but 
one, and perhaps others Let us first considei the physical intensity 
and the piohlems presented in its measuiement and contiol 

The intensity of a sound is defined as the late of flow of w’^ave eneigy 
thiough a gnen region It expressed m ]iowei pci unit area (cig*^ 
per second per squaic centimeter or watts pei squaie centimeter) In 
no practical case, howTvci, do we inca‘iino this powci dnoctly, but 
rather some otlier characteristic of the sound fioin which tlie power 
can be calculated Measurements can be made of the amplitude of 
movement of the air particlc&, or the mean velocity of their vibratoiy 
motion, 01 the pressure that they exeit when they strike a surface 
A simple but very uselul instiument foi measuring sound pressures 
is the Rayleigh disk, piciuied iti Fig 0 It consists 
of a thin di&k, usually of mica, su&pended by a 
slendei thiead When exposed to a sound, the disk 
tends to tuin its surface at right angles to the 
direction of flow of the sound, and from this torque 
tlie pressure can be determined 

Because the ear has an extiaordinanly extensno 
lange of sensitivity it is necessary, if w^e u^o abso- 
lute units, to deal with numbers that arc rather 
cumbersome Thus the minimum power that will 
excite the ear is given by Sivmn and White [3] 
as 0 24 X 10”^® watt, whereas the maximum that 
can safely be withstood is about 0 023 watt The 
^allatlon over the intensity range is thus a 
thousand-milhon-rmllionfold ' For convemcncc, 
thereloio, wc often employ a logarithmic scale, 
wdiich compresses this lange of numbers into a 
tolerably simple array Tt ought to be mentioned 
at once that, liowever comenient it is to use 
the logarithms of numbers to compress their range, this manipulation 
carries one important lestnction — it does aw'ay with any true zero 
point The smallest logarithm that we can mention represents some 
quantity greater than nothing For this reason it is not altogether 
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proper to reicr to a senes of logarithmic values as lepiesentmg a scale, 
more strictly speaking, they aie latios, and as with any ratio must 
know both quantities that aie being compared In othei words, a 
conversion of acoustic intensities into logaiithmic terms lequiics us 
first to choose a reference level, all our quantities then aie so-many 
logaiithmic units above or below that level 
Although any number of logaiithmic conveisions are possible, the 
one in cuirent use is the decibel scale It uses the expression 

N ^ 10 logio ^ 

wheie iV is the number of decibels, 7i is the sound powei in question, 
/q is the reference le^cl, and the oidinary decimal oi Bnggian loga- 
uthms are used A good many leference levels have been employed, 
so many that it is imperative that in eveiy use of decibels the level 
be explicitly given Telephone engineers ha\e sometimes used a 
‘Aphonic level” of 1 microivatt Othcis, in making pressure measure- 
ments, have chosen a "zero level” of 1 dyne pei square centimeter 
Somewhat more useful foi auditory work is a Ie\el that appioximates 
the liuman threshold Unfoitunatcly, though, this threshold is dif- 
ferent for different tones The thie^^hold intensity for 1000 cycles has 
been used, and also a rather lough average of threshold values through 
the middle of the lange has been taken as 0 001 dyne pei squaie centi- 
meter Again, many experimenters use as a refeience point the 
threshold intensity for the particular tone in question, wdiich of course 
IS diffeient foi each tone and, strictly speaking, vanes somewhat for 
every individual subject, the advantage (though a limited one) of 
tins practice is that it avoids the necessity of any absolute measure- 
ments Finally, in an attempt to leduce this confusion, a standardiza- 
tion committee of the Acoustical Society of Ameiica adopted a 
'^reference intensity” of watts per square centimeter, which is 
expected ultimately to supplant all the others Table I shows these 
various reference levels and their relations to the ASA standard 



TABLE I 


Refbbbnob LBVni>8 for Sound-inteksity Mbabujiements 

Deaignation 

Numerical Value 

Decibels above 

ASA standard 

Phomo level 

10“® watte 

100 

2ero level 

1 dyne-cm"*^ 

78 8 

Mean threshold level 

0 001 dyne-cm“® 

18 a 

lOOO-oycle threshold level 

2 4 X 10'^® watts’*' 

8 8 

ASA reference Inteasity 

10*^*® watta 

0 

* Sivian and White's results for monaural listening (31 







AUDITORY ACUITY MEASUREMENTS 


Measurements of auditory acuity are of two types the precision 
measurements used generally in experimental in\ cstigation, and the 
more rough-and-ready proceduies employed foi clinical and other 
routine testing purposes In expeiimental woik we desne the most 
exact indications of the ear’s characteristics and can take the pains 
to contiol the stimulus thoroughly, tiam the subjects well, and lepeat 
obserrations systematically according to standard psychophysical 
pioceduies In clinical and similar testing the exigencies of the situa- 
tion do not allov. bo much attention to detail, and a less exacting 
program must be caincd out Despite the limitations the results of 
such tests aic of great value, not merely foi diagnostic use but aho in 
many instances for more fundamental understanding m auditory 
functions 


The Experimental Methods 

In the study of auditory acuity two arrangements are used In one, 
which corresponds to the natural method of listening, the source of 
sound IS at a distance, and the ears aie open In the other the source 
of sound, an earphone, is fitted closely to the head, and the ear there- 
fore 18 closed These two methods give results that usually are 
somewhat at variance, because the ear is mechanically altered by 
closing it There are other variables in the measurement situation 
also With the open-ear method the observer may use only one ear, 
the other being plugged Whether he uses one ear or two, he can 
face the source or take various other angular positions with respect 
to it In the closed-ear situation, if two earphones are provided, both 
ears may be stimulated simultaneously For both the open- and 
closed-ear arrangements it is further necessary to make measurements 
of the sound intensity that stimulates the ear", and each arrangemeht 
presents special problems in this regard 

Once the physical problems are disposed ol, the measurement of 
auditory acuity piesents no very serious difficulties Any of the 
psychophysical procedures may be followed 


Clinical Testings Audiometry 

The olimcal testing methods were developed by otologiata for diag- 
nostic purposes Until recently the procedures and techniques have 
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been seiiously limited by the instruments available for sound pioduc- 
tion Of the cmder tests, there aie the watch test and the vhispcr 
or voice test, which use means of sound pi eduction that are leadily 
available but subject to little contiol Tuning-foik tests lepiesent a 
notable advance, foi they use tones that aie leasonably pure and, 
when handled expertly, give useful quantitative infoimation Aftci 
it is stiuck, a tuning fork dies dowm rapidly and finally comes to rest, 
and if it 13 stiuck and then held in n standaid mannci, its curve of 
decay is fairly constant The time that a peison continues to hear it 
thus can be used as a measure of his acuity at that frequency 

The most modern methods of clinical testing, with which w’^e shall 
be chiefly concerned, employ elcctiical means of generating and vaiy- 
mg the tones The electrical appaiatus for this w^oik, wdien assembled 
in one unit, is called an audioinetei, and the technical pioceduies in 
its use constitute the special field of audioinctiy 


Air-conduction Tests 

Audiometeis are designed piimaiily for tests by air conduction 
They consist of two main parte, an electric oscillator, which geneiates 
oscillating currents, and a lesistance network oi attenuatoi, wdiich is 
used to contiol the powder that is fed to a telephone leceivcr oiei the 
aubjeeVs ear The oscillations co\ei a consideiable fiequency range, 
sometimes almost the wdiole audible scale In some insti union ts there 
are only fixed steps of fiequency, whereas in otheis a continuous 
vaiiation is possible The Council on Physical Theiapy of the 
American Medical Association has specified that, if fixed frequencies 
aie provided, they shall include at least the following seven octave 
tones 128, 256, 612, 1024, 2048, 4096, and 8192 cycles pei second 
Some instiuments pi ovule m addition some of the seraioctave or some- 
times smallei intervals, and it ^is especially desiiable that they be 
included in the fiequency region above 1024 cycles 

The output into the receivei,, when m its usual position on a sub- 
ject’s ear, is calibrated foi each individual frequency in decibels abo\e 
a ^teormal'’ threshold foi that fi^equency Each mstiumept raakei 
has done hi8 own caUbiating and has used foi the purpose a rathei 
limited number of subjects Consequently, the calibrations do not 
repiesent the “normal” for the population at large, and of couise they 
vary for different makes of audiometer A good many data are avail- 
able, however, for the more popular models of audiometeis to permit 
correction of the dial readings, but, on the other hand, the alteration 
and discontinuance of models make many of tliese results obsolete 
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The leceivei h n-ually jnoMcIeit with a -olt lubbci cu^lnon, which 
not only makes it more comfortable against the oar but aUo gnes 
a moie soundtight contact Fui oidinary testing the subject hohld 
the receivei m his hand and adjusts it by trial to gi\e an optimum 
signal Oidinaiily, intensit> steps of 5 decibels are pioMcled 

The intensity lange usually \ane3 for each ficquenc>, paitly on 
account of vauationh. m the output ol the receiver and partly on 
account of \anations in sensitivity of the ear It is dccirablc to pro- 
vide sufficiont langc to reach the pain threshold at any fieqiicncy in 
01 del that peibuns with a gia\c degice of dcafne&s may he tested, but 
no piesent in^stiument does so Most fall shoit of this need at both 
ends of the frequency scale 

For a test of heanng, a soundproof lOom is highlj de^^iiablc but 
must be dispensed with at times eithei because it is not available, 6r 
because patients are severely ill and cannot be moved In these 
events the cxaminoi must make the last of existing ciicumstuiice*^, 
pel haps by ^^clectiiig a time of day when the lei el of disturbing noise 
IS iow^ A notation is made on the lecoid to indicate the conditions 
under which the test w^as carried out 

In making the test, it is best to have the subject choose lus better 
ear, if he has any jiiefeicncc, and to begin with a tone of medium 
fiequency This tone is set at an intensity that is expected to be 
easily audible, and the subject is lequired to indicate by word or 
signal whether he hears it It is then reduced a step at a time until 
it is no longer audible Tlien a setting at an even lower intensity is 
given, and the intensity raised by steps until the subject repoits tliat 
he heais the tone Another descending senes, and then an ascending 
seues, IV ill oidinanly complete the test toi this tone, unless inattention 
and inconsistency call for inoie tiials Here the training and judg- 
ment of the examiner iveigh heavily, especially with veiy young and 
with ver>^ ill subjects 

If the subject is propel ly attentive, the judgments will be so con- 
sistent that there is little question of the location of the threshold, 
the reabun is that intensity steps of 5 decibels arc laige in i elation to 
the difterence hmen foi intensity, and if one step is barely heard, tlie 
next lower will commonly bo inaudible The exaniinei foiins a 
‘^guessed aveiage” oi judgment of the thieshold and records that single 
figuie 

This same procedure is then earned out m turn on the lemaming 
frequencies, and the whole peiformance lepeated foi the othei ear 
All the datA, when plotted, constitute an audiogram, as illustrated in 
Fig 7 In this figure the zero line represents tlie ^^normaV* accoiding 
to the instrument's calibration, and distances below the line show the 
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amounts of heaimg impaiimcnt One curve, as indicated, is for the 
right ear, and the other for the left 
When theie is a consideiable diffeience m the acuity of the two 
eais, it IS necessary to use masking in the bettei eai to exclude it fiom 
operation Othei^vise, since there is ah\ays some leakage of sound 
thiough the an fiom the receivei to the othei side of the head, and 
also some conduction thiough the skull itself, the sound may leach 
the better ear m sufficient intensity to give a false perception This 
eftect IS stiikingly shown m peisons who have suffered a complete loss 
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Fig 7 Audiometer curves 

of hearing in one ear An audiogram can be secured on the deaf ear, 
which actually is only a “shadow curve,” representing the acuity of 
the good eai as reduced by the “shadow” of the head Figure 8 shows 
such a curve, along with the true acuity curve of the good ear, and it 
will be noted that the shadow curve follows faiily closely the form 
of the other but lies about 60 decibels below it. This means that 
00 decibels is the amount of attenuation offered by the head under the 
conditions Sometimes, when the receiver does not fit well ovei the 
ear, or tlie rubber cushion on the receiver is omitted, the leakage is 
greater than this, and the cuiwes will be closer togethei The neoes- 
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'='ai7 amount ol masking somewhat in €\eiy test, for it is a 

function of the acuity itself It must be sufficient to pi event hearing 
of the cross-conducted sounds, yet must not be so great as itself to 
cross ovei to the tested eai and impaii its performance The usual 
course is to test both eais without masking and then to repeat the 
measurements on the poorer eai, wuth the better ear masked with a 
sound that is about 40 decibels above its threshold 



The best type of sound to use for masking is a noise made up of a 
very broad band of frequencies Such a noiae is effective and at the 
same time (because it is qualitatively very different from the test tone) 
occasions the least disturbance to perception in the ear which is being 
tested 


Bone-condudlon Tests 

It frequently happens that a test of a person’s hearing in the usual 
manner, by an conduction, reveals an impairment of acuity, yet a test 
by bone conduction shows that the cochlear endings and nervous 
elements are functionmg normally A bone-conduction test consists 
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of the application of acoustic vibrations to the skull, thiough which 
they are conducted to the iniiei eai By this loute it is possible to 
stimulate the ear m spite of obstructions oi interruptions in the usual 
path (jf transmission through the middle ear 

Mo^t bone- conduction tests have been cained out with tuning torks 
The stem of the vibiatiiig folk is held firmly against the mastoid bone, 
just behind the ear Most recent models ol audiumeteis aic provided 
with a bonc-conduction recener, which is a mechanical vibiatnr 
actuated by the oscillating curicnts This leceivci has an advantage 
over the tuning foik in affording good cuntiol of both freciuency and 
intensity Its calibration curv'c w^ill be quite different from that of 
the an -conduction icceiver 

Both tuning foiks and mechanical vibiatois suffer fiom ccitain 
limitations It is difficult with both to socuie the amplitude of 
vibiatiun often needed without so ovei burdening the mstiument that 
it seriously distoits the sound pioduced Also, both i achate a good 
deal of energy into the an, and the cxaminei must be alcit to the 
I^ossibility of stimulation by air conduction This an -conducted 
sound ma> not be tioublesome i! ait -conduction acuity is Joiv foi both 
cars, but it is a possible souice of eiroi if only one car is so affected 
Momentaiily stopping the meatus will often giv’^e a clue as to whethei 
error fiom this source is present, but the testa ought not to be earned 
out wuth the ears closed, as this closure will affect the bune-conduction 
acuity 

The piessure with which the instrument is applied to the mastoid 
should be as constant as possible, theie is raoic dangei in too light 
pressure than too heavy, but care must be taken not to use one that 
wull be painful 

A special difficulty appears wdien bone-conduction tests are attempted 
wuth the low frequencies The stimulus wull give tactual sensations 
as well as sounds, and an mexpenenced observer may mistake one 
for the^othei A few trials with tlie vibiator placed elsewhere on the 
body, say over a bone on the hand, aids in the desired discrimination 
Masking IS eren more important m bone-conduction tests than in 
air-conduction tests Vibrations applied to one mastoid bone are 
readily conducted across the head, and they reach the opposite eai at 
a level little lower than that at the ear it is desired to test The 
opposite eai, therefoie, must be excluded by masking This masking 
13 always pioduced by an aerial sound, and the usual precautions are 
necessary to prevent its leakage to the ear under test 
In bone-conduction tests it is difficult to ascertain m preliminary 
trials which is the better ear Accordmgly, it is advisable to make 
the measurements on each eai while masking the other* 
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The Upperi Limrt of Loudness 


Acoustic stimuli, Mhen raibcd in intensity, c\entual]y leach a level 
at which then effects aic not wholly auditory They evcite a variety 
of other sen'^ations, ^\hich \aiy somewhat vith the Ircquency At low 
frequencies exceosne stimulation arouses tactual and kinesthetic sen- 
sations, ^hich aie lefeiicd to the middle car, and also labyrinthine 
eftects, which include dizziness, nausea, vague borlily scii'^ations, and 
sometimes eye and head nystagmus IMuldle frequencies give rise 
to tactual sensations, which aic moie of a picssuiy quality, and also 
sensations of pain High tones have similar cftects, with perhaps 
more emphasis on pain 

In the past, attempts have been made to determine one cur\ c as an 
upper limit of loudness in order to guide the design of hearing aids 
foi the deafened The h)regomg description shows that there is no 
one curve which foiiiH thn boundary, but a family of functions, one 
for every sensory quality The determination of thc^e functions 
remains to be made The subject aviII need to be trained to lecognize 
each sensory quality c\en when it appears m a complex of utheia 
Then a determination, according to the usual psychophysical pio- 
cedures, can be made foi this quality at each frequency at which it 
appears 


Loudhess Drsaimmatron 

Methods for the study of loudness discrimination parallel those used 
in the discrinunation of pitch There are two types The moie usual 
IS one in wdiich two discrete, bteady tone^^ aie piesented, one at greater 
intensity than the othei, and the subject makes a relative judgment 
Here, as wuth pitch, the variables of frequency region, intensity le\el, 
duration of the stimuli, and especially the time interval between 
stimuli must receive attention The second method is the warble 
method, in which the intensity is vaned at a determined rate, and the 
subject IS asked to rcpoit whethei he perceives a steady or a wavering 
sound The late of w^aibling is of course a factor, and, according to 
Uiesz [1], the optimum discrimination appeals with a late around 
3 pci second As would be expected, this procedure gives smaller 
hmens than the other, in which the subject must report the direction 
as well as the presence of a change 



Equal-loudness Curves 


The task of cuiuparing the loudness of tones which differ in fie- 
quency might be compaied, in character and difficulty, to the pioblem 
of heteiochiomatic photometiy The equating as to loudness of 
sensations ot difieient pitch is one of the most trying exercises that 
can be given a subject Certainly intensive piactice m this type of 
judgment is essential, and even then the task will nevei be earned out 
with much comtoii; oi confidence Thciefoie, to aid the subject and 
stabilize his judgments it is desirable to modify the usual psycho- 
physical piocedures somewhat, and to use a consideiably broadei range 
of stimuli than vould ordinarily be consideied necessaiy The rela- 
tively easy judgments that will appeal fiom time to time will fortify 
the subject's confidence and tend to pi event alteiationa in his ciitena 
of judgment 

In the past, particuki mteiest has centeied on the equation of the 
loudness of various tones with a standard tone of 1000 cycles The 
loudness of the 1000-cycle tone is used as a scale by which the loud- 
ness of any tone can be designated The loudness level of a tone is 
then refened to as the equivalent loudness of the 1000-cycle tone, 
specifically it is the numbei of decibels above the refeience intensity 
that a 1000-cycle tone must be raised in ordei to be judged equal to 
the tone m question The lefeience intensity is watts per squaie 
centimetei, or sometimes the 1000-cycle thieshold 


INTERACTION PHENOMENA 

A number of phenomena result when two or more simple tones act 
upon the ear simultaneously Some of these are beats, combination 
tones, and masking 


Beats 

In the observation of beats two oscillators are used, tuned to some- 
wheie near the same fiequency Both may be opeiatod into the same 
telephone receiver, but it is better to use two leceivers m order to 
avoid any electrical mtei action between the oscillators Both the 
tones aie conducted to one or to both of the subject's eais (not to 
sepaiate eais, as tins anangament will not produce beats) The 
intensity of the stimuli will have to be adjusted to somewhat the same 
level for greatest perceptibility of the beating, 
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The qualit> of the cxptiience \aucs \Mth the beat frequency It 
also vanes with the frequency legion fnjin uluch these stimuli aie 
taken, and to a Icssci extent with the loudness i elation At low lates 
of beating theie is peiceived a slow waxing and waning ot loudness, at 
highei lates a pulsing or pounding in which the sound seems to come 
111 sudden thrusts, and at still moio rapid lates only a suit of lough 
whirring in which the individual cycleo of variation can no longei be 
distinguished 

The upper limit of peiception of beats natuially depends u])un the 
qualitative ciiterion selected il it ib the pulsating ot mtcunittent 
quality described as the inteimediate stage, *the limit will be lower 
than if the whiiring oi roughness chaiactciistic i& chosen In deter- 
mining the limit, accoidmg to any cutciion, the goneial intensity and 
also the intensity ratio aic adjusted so as to pioxidc the must fa\or- 
able conditions for obser\ation A faiily high level ot inten^'ity is 
desirable, and a ratio that keeps the loudness of the two components 
somewhat near equal The fiequcncy legion is an important \Hrialjle, 
the higher this region, the higher is the limit of peieeptible beats 

At high levels of stimulation two oi muie beat Kites may be present 
at the same time, and the subject will need to difteientiate them Ho 
does so both by the peiceived rates and by loudnesM cues the moie 
rapid beats are fainter 

It is generally claimed that m the sIowti beats there is a periodic 
variation of pitch as well as of loudness, and the obseiwex must be 
prompted to report this qualitative change along with the others 


Gjmblnation Tones 

Much the same stimulating conditions as descubed for beats will 
give combination tones, when the difterence in freciuency of the two 
tones is sufficiently large — perhaps 30 cycles oi moie These tones 
appear in addition to the two primary tones, ns pioducts of their 
interaction m the inner ear There aie a gieat many of these 
interaction products, with frequencies indicated by the following 
expression 

mh zh nl 

where h is the frequency of the higher stimulus tone, I is the fiequency 
of the lowei stimulus tone, and 7 n and n are simple whole nurabeis, 
the bar above the expression indicates that the absolute value of the 
quantity is to be used We distinguish two classes of combination 
tones, called difference tones oi suvimatioyi tones, the diftercuce tones 

B43 



aie those that aiisc when we use only the minus sign in the loimula, 
and the summation tones when we use the plus sign The multipheis 
m and n take all integral \alues from 1 on, but as they glow greater, 
the magnitude of the resulting combination tone falls oft lapidly, so 
that practically only the lower \alucs oi oideis of combination 
tones need be consideied The Older [6] of a combination tone is 
determined by the size of both m and n, it is defined numerically as 
m 71— 1 For example, if m = 2 and n- ^ 3, the combination tone 
IS either 2/i + 32 or 2h — SI, and since ?« + n. — 1 =“ 4, we have a sum- 
mation or difference tone of the fourth oidei 
Three methods have been found useful for the study of combination 
tones The fiist is si77iple listenmg, in which the subject seeks to 
perceive and identify some one of the interaction pioducts This is 
a difficult matter, compaiable to an identification of the se'seial notes 
comprising a musical choid, and requires special talent and training 
The task la aided by a judicious selection of the fiequency legion tor 
the primaries, in order to throw the combination tone into a pait of 
the auditory lange in which the subject's sensitivity is high, and also 
to get its fiequency as fai away fiom the primary fiequencies as 
possible It 13 aided also by vaiiatioii in the intensities of the pnma- 
nes, the manner of which can be detei mined only by tiial, as it depends 
m part upon the paiticulai sensitivity function of the subject's ear 
For rough guidance it may be said that each pnmaiy must be laised 
in intensity as oi 7i increases in the expression foi the combination 
tone sought for Further, it is piactically essential that the subject be 
presented from time to time with a tone coiieapondmg to the frequency 
of the combination tone he is to listen for 

The second is the exploring tone method It employs a thud tone, 
in addition to the primaries, which is adjusted to a fiequency a little 
different from that of the expected combination tone and therefore 
gives beats with that tone It is vaned m intensity to make the beats 
as marked as possible, which, it is assumed, happens for equal loud- 
ness of the combination tone and exploring tone The intensity of 
the exploring tone then can be used as an indication of the effective 
magnitude of the combination tone 
A third method employs the electrical response of the cochlea and 
so fai has been practicable only in animals below man When the 
stimulus IS two pure tones, a vast array of combination tones is found 
m the potential waves generated in the cochlea The study is made 
with a wave analyzer, an instrument by which a component of any 
desired frequency can be measuied in isolation At high levels of 
stimulation the greater part of the stimulus energy is transformed 
into overtone and combination tone fiequencies, and scores of com- 



ponenta, including some as high as the twentieth orclei, have been 
observed Only by this method has anything appi caching the full 
pattcin (d combination tones been re\caled, and their functional 
relations to the stimuli worked out 


Masking 

When two tones ‘Similar in fiequeney but consideiablv difteicnt m 
intensity are applied simultaneously to the same ear, only the stronger 
will be heard, the w'eakci is said to be masked The ‘^tudy of masking 
in its simplest foim is essentially the detcimination of thresholds foi 
a given tone in the piesence of anothei that m siicces&i\e determina- 
tions H vaiicd systematically in fiequeney and intensity We can 
study masking also for comiilexes of tones and foi noises 


THE LOCALIZATION OF SOUND 

When we perceive a sound under natuial conditions, we nearly 
always localize it m space This aspect of peiceptiou logically may 
be considered as m\olving tw’’o features, direction and distance. 
Experimental methods have been developed for the determination of 
the accuracy of our judgments of these teaturc'^? and also of the cues 
employed 

Investigation soon shows that most of our cues arc seconclaiy, 
involving the perception of likely sources of the sounds we hear and 
inferences made from the character of the sounds When w^e exclude 
these secondary or inferential cues and rely upon hearing alone, we 
find our perceptions consideiably reduced They are even more 
reduced when the head and the perceived object are kept stationary 
AVe then have left only the ability to judge direction along the right- 
left dimension, based upon differences m the stimulation of the two 
ears [8] Let us consider fiist this static function 

Two general piocedures have been employed for the study of local- 
ization as a function of binaural diffeiences One, the moie natural 
method, consists m listening, with both ears, to some source of sound 
that is a little distance from the obseiver and can be moved to various 
positions The observer is prevented from using visual cu other non- 
auditoiy cues and must depend on the binaural stimulation alone to 
judge the location of the sound 

An instrument called the sound cage is often used in this procedure 
The observer, blindfolded, is seated m the center of a metal frame- 
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wnilc that icprcsent*' se\eial circles oi parts of circles on the suiface 
□f an imaginaiy spheie, and a sound source, usually a telephone 
receive!, is moved to \arious positions along these ciicles After a 
sound IS produced at any desired point, the obseiver must indicate the 
angle fiom which it seems to come He may make his judgment 
knov\n by pointing oi by veibal reference to some schema 

This natuial method auffeis from certain disadvantages Conti ol 
of the stimulus is a difficult mattei A sound pioduced m the mannei 
indicated, m an expeiimental loom, will reach the observer’s ear not 
only by the diiect path, but also ciicuitously aftei leflection from the 
w^alls 01 near-by objects These reflected sounds have vaiious, and 
usually impiedictnble, angulai positions The pattern of stimulation 
IS extiemely complex, and even if its character w^ere known it would 
present too difficult a pioblem foi the observer to deal wuth Reflec- 
tions can be reduced by ti eating all surfaces with sound-absorbing 
raatenals, but oidinaiily it is not practicable to cariy this treatment 
far enough to eliminate them altogethei What is needed is to sus- 
pend the obaeiver in fiee space and to make the stimulating equipment 
so unobtiusive as not to distuib the sound field An appioach to this 
condition is obtamed by working on a high, flat roof, preferably with 
the observ^er elevated on a pedestal of some kind, and locating the 
sound souice on a slender ann that can be given various positions 

A more serious disadvantage of the natural method is that it presents 
various bmaural cues all at once and does not reveal which ones are 
operating at any given time oi bow they may be interacting. With 
pure tones as stimuli, three kinds of cue are possible* differences of 
intensity, time of mcidence, and phase at the two ears With complex 
tones there are also differences of timbre, they arise because the head 
oasts moie of a sound shadow for high fiequencies, and hence the ear 
away from the sound will hear it with the high components relatively 
unfeebled The method can tell us what our capacity for localization 
IS under usual circumstances but will not provide an analysis or 
explanation of the process 

In the second method the physical conditions are under better con- 
trol, and the bmaural cues can be studied one at a time The two 
eais are stimulated separately by means of telephone receivers or 
tubes through which the waves are conducted The experimenter can 
determine as acemately as he will the chaiacter of the bmaural pattern 
It has been customary to vary one kind of cue at a time and to keep 
the others constant (or try to), but tUeie is no great difficulty in pre- 
senting any sort of combination of cues by this method 

In the early development of this method, soimd-conductmg tubes 
were used for separate stimulation of the eais, and by various raanipu- 



lations a change was made m the ‘stimuli i caching tlic car^ Paitmlly 
obstructing one tube, foi example, by pinching it, will ledure the 
intensity on that side Changing the length ot one tube it. usually 
designed to alter the phase i elation, but unfoitunattly this manipula- 
tion does other things too By alteiing the ic^onance chaiaLteiistics 
of the tube it changes the intensity, and of coui^e, if time i*^ considered 
apart from phase, it alters the time i elation also 

The use of telephone receiveis on tlie ears is much tu be pieferred 
The electiical circuit which actuates the receiveis can be adjusted 
so as to give any desired change of intensity, time, oi phase, independ- 
ently of one anothei Intensity is conti oiled with attcnuutois, one 
in a branch of tho circuit leading to one ear, anothei in a second 
branch to the other ear Time can be conti oiled wuth niechnmcally 
operated switches Phase contiol involves a special ciicuit in \vhic!i 
resistance, capacitance, and inductance are altered An clectncal 
method can also be devised foi control of the rhatactei of a comiikx 
sound a filter netw'ork of the low^-pass type may be mseited m the 
circuit to one receiver to reproduce the diftercntial screening action 
of the head 

One fuither measuie is advisable in the use ot this method Since 
two telephone leceivers may not ha\e identical clectncal and mechani- 
cal characteristics, it is desirable to pick up the sounds as they actually 
appear at the twm ears and record them on an oscillogiaph By tins 
means we may check our manipulations and be ceitain that the desired 
differences are present 

Whichever of the foregoing procedures is used, tho observer's task 
18 simply defined Although his ears are stimulated difterently, he 
ordmanly hears but one sound Subjects often leport what is called 
a '^aound image” or ^phantom,” which may be purely auditory but 
moie often has a visual character also, and they peiceive this image 
at a more or less defimte point in space 

In mdicating tho angular position with respect to the observer, for 
both the tilie location of the sound pouice and the obserxer’s judgment 
of it, we employ such tcims as azimutli, altitude, oi angle of ele^atlon 
Azimuth refers to position in the hoiizontal plane Altitude and angle 
of elevation refer to position with lespect to the vertical axis, tliey 
are defined as the vertical angle between any position and the horizon 

W^ien either the object or the head is pei nutted to mo\e, we add a 
dynamic factor to localization We axe able to integrate cues oxer 
a period of time and thereby increase their significance and rehabihty 
We are able also, by tipping the ears out of their usual hoiizontal 
plane, to enlarge the scope of operation of the bmaural differences [4] 

When the sound is of constant character and familiar to the subject, 



we can demonstiate certain limited capacities for the judgment of 
distance As v»e know from common expciicnce, sounds g\ow faint 
as they become faither away Under natuial conditions, howevei, 
this function is inteifeicd with by leflections, which upset the i elation 
of mtensitv and distance To study the phenomena exactly lequues 
frec-space conditions oi as near an appioximation to these as possible 
If a complex sound is used as the stimulus, attention should be given 
to the possibility of timbie cues m this situation, for even in free space 
the diffeient fiequencies aie not tiansmitted qmte equally, and the 
piesence of obstructing objects may cause significant modifications 
of the wave composition 


EPILOGUE 

The foregoing pages have mtioduced the techniques and pioceduies 
for dealing with the moic fundamental pioblems in the field of hearing 
It has been shown that with the lefinements ot appaiatus that recent 
electionic developments have provided we can piuduce and handle 
all kinds of acoustic stimuli and do so with a piecision heiototoie 
unknowm 

In uui enthusiasm over our inateual equipment, liow'evei, w^e must 
not lose sight of oui other pioblems — of the moie strictly psychological 
matters of the contiol of the subject^s attitude, his cutenii of judgment, 
and the psychophysical pioceduies required for systematic measure- 
ments In this aiea too, by a alow giowth over the years, wc have at 
oui disposal a wealth of techmeal knowledge rinally, through recent 
physical developments, we have the electiophysiological methods, 
which have opened up new fields of m\e8tigation and already illumi- 
nated many problems formerly obscuie We can look to the future 
^foi a continuing expansion of our understanding of heanng in all its 
aspects 
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Chapter 9 


Studying The Skin Senses 

William Leroy Jenkins^ 


Biologically the skin senses aie more important to the human being 
than IS either sight oi hearmg The blind man and the deaf man 
are merely handicapped, but a man totally without skin sensitivity 
would ha\e a pool chance to survive at all Pam guards the body 
from exteinal injuiy The tempciature senses act as external thermo- 
stats in the vital task of regulating the temperatuie of the blood 
Even touch, although less essential, provides a ciitical aid in darkness 
Yet^ conipaied with sight oi hcaimg, the skin senses have attiacted 
relatncly little attention, and they remain a rich field foi further 
investigation There are three persistent problems of majoi interest, 
and most research techniques have been directed towaid then solu- 
tion These problems concern the numbei of skm senses, the nature of 
the receptois and receptor processes, and the measurement of the actual 
manner of their stimulation 

In connection with the number of skin senses, touch, pain, warm, 
and cold are commonly assumed to be the foui basic ones, but this 
view has not been universally accepted Many years ago Head [41] 
proposed two sepaiate cutaneous systems, the epicritic and the proto- 
pathic, each having a separate set of foui senses Katz [30] sug- 
gested a sepaiate vibration sense, independent of touch At the other 
extieme, Nafe [36] would like to reduce warmth, cold, and some kinds 
of pam to sensations fiom dilating and constricting blood vessels, thus 
eliminating these as separate skin senses The problem is fuithei 
complicated by the presence of deep pam and deep piessuie sensi- 
tivities, ivhioh are diffloult to distinguish from the strictly cutaneous 
reactions 

In regard to the nature of the receptors and the way in which they 
work, mappmg the skin with small stimulators shows that there are 
pomts of high sensitivity— the warm, cold, pam, and touch spots — ^with 
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relatively insensitive legions in bet^vecn It has often been asaumcd 
that each of those spots coiicsponds to a ‘Single receptor Hoiscvcr, 
direct microscopic study fails to confirm thi& simple tlicoiy, and 
indirect evidence suggests that the situation must be much more 
complex 

As to the actual nature of receptor stimulation, it is eMdent that 
mere desciiptiou of external physical stimuli is insufficient The 
critical questions aie What happens m the skin it«elf when it is 
stimulated? How is tlie skm distorted to produce an experience of 
touch or \ubiation? What are the significant teinpeiature changes in 
the tissues which accom]>any sensations of warmth and cold? We are 
concerned with such questions as these when wc deal with the pioblein 
of the actual natuie of stimulation 

Theie are, of course, many additional phases of skm seii'^itivity 
which invite study Some aie peculiarly cutaneous problems, eg, 
the accuracy with which a stimulated point can be localized, the mini- 
mum distance at which tw'o points can be sensed as separate, and the 
limits in discriminating the size of objects pressed against the skm 
Some of tliese problems involve routine measurements similai to those 
made for the other senses, such as reaction times, adaptation times, 
stimulus limens, and difference limens Still others deal wuth the 
perception of form, pattern, and movement by the skin senses, includ- 
ing illusions which are strikingly like those in \i6ion 

In this chapter, methods related to the three basic problems are 
covered first, and then other problems and methods aie briefly dis- 
cussed Finally, the \ariou8 ways in which the skm can be stimulated 
are summarized 


METHODS OF SEPARATING THE SKIN SENSES 

The problem here is essentially to determine the number of skm 
senses by expenmentally dmociating them This can be accomplished 
in a number of ways by anesthesia, by cutting or blocking a nerve, 
by mapping after removing successive slices of skm, and by estab- 
lishing differential chronaxies 


Disappearance and Recovery under Anesthesia 

Under local anesthesia, warm, cold, touch, and pain do not disappear 
and reappear all at the same time, but straggle out and straggle in 
again To anesthetize a section of skm, the most widely used method 
13 electroendosmosis [9] A pad saturated with novocam or some 
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bunilai anesthetic is placed on the skin On top of the pad is fastened 
the acti\e metal electrode A laige metal plate or a vessel of salt 
solution IS applied to some other part of the body as an inactive 
electrode Diiect cunent of low ampeiage is employed to diive the 
anesthetic into the skin Sensitivity to warm, cold, touch, and pain 
stimulation is tested at intervals during the piocess of anesthetizing 
and again duiing the recoveiy period 
Although investigators do not wholly agiee on the exact oidei of 
disappeaiance and leappeaiance, some disbociation has been found 
in every case In general, waim and cold go out fiist and come back 
last 


Regeneration after Nerve Section or Nerve Block 

Complete loss of sensitivitv followed by long-delayed lecovery may 
be produced by cutting or crushing a nerve or by injecting it with 
alcohol Alcohol injection [31] has the double advantage of requiring 
no surgery and leaving no permanent injuiy Figuie 1 shows a sample 



Fig 1 Dissociation of warmth and touch during recovery from nerve block 
by alcohol fn[ection (Adapted from Lanier [31] ) 


of the dissociation of touch and warmth during recovery after alcohol 
injection. Effects of shorter duration may be obtained by injecting 
novocain aiound a nerve, by blocking a neive with pressuxe, or by 
cutting off the blood supply with an inflated rubbei cuff When novo- 
cain IS injected around a nerVe [6], recovery occurs over a matter of 
hours All these methods bring about some measure of dissociation, 
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although the exact oulei of icapi^euumcc xarica \Mth the method 
employed 


Removrng Successive Slices of Skin 

An inteiesting if somewhat heroic method was developed by 
Woollard [51] He mapped an area on the tlngh, exploring tlie 
region ^systematically v»ith tmall stumilaU)i- to locate the points of 
maximum sensitivity to cold, touch, and pain Thcfc cold siiots, 
touch spots, and iiain spots he marked on a map of the area He 
then lemoxcd five successwc thin slices of skin Aftei the lemoval 
of each slice and aftei healing liad oceuircd, lie ictestod the aica and 
made companions nith tht original map Again, &uiue dissociation 

as evident 


Measurement of Chronaxies 

Chronaxy is the mimnmm time for a cunentof double the threshold 
strength to pioduce a deal sensation ot narm, cold, touch, or pain It 
IS measured nith a device which delneis a \ery brief but accurately 
timed pulse of electrical stimulation, for example, by the discharge 
of a condenser Difterent chronaxies are found foi narm, cnld, touch, 
and pain [28, 29], thus supporting the idea of four separate ^kin senses 

The general preponderance of evidence seems to favoi the existence 
of four cutaneous senses warm, cold, pain, and touch, and there 
appears to be no reason foi adding to the number, as proposed by 
Head [41] or by Katz [30] On the othei hand, the reduction sug- 
gested by Nafe [35] leaves too many facts unexplained 


METHODS FOR STUDYING RECEPTORS AND RECEPTOR 
PROCESSES 

Numerous attempts have been made to obtain evidence of the 
identity of the skin leceptors by examinmg portions of skin under the 
microscope In addition, there have been efforts to answer the moie 
limited question of the relative depths ot the receptors below the skm 
surface There aie also a number of studies which are of interest 
because their results have some bearing on the nature of the receptor 
processes 
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Microscopic Examination 


In the direct approach to this problem, portions of the skm are 
carefully mapped, and the points of maximum sensitivity marked 
Then the pieces of flesh aie removed surgically, sliced into thin 
sections, stained, and examined under a microscope [19] Results 
that accrue from this technique ha^e been ratliei consistently nega- 
tive, 1 e , no receptors are seen under the microscope which correspond 
consistently to warm spots, cold spots, etc The negative results may 
be due to inadequate etainmg methods or simply to the fact that there 
are no gioss receptors which can be identified m this way 
In tlic indirect appioach the warm, cold, touch, and pain spots are 
separately counted Then the same aiea of skm is sectioned, stained, 
and examined micioscopically to determine the number of each type 
of ending The counts of spots and endings are compared [4] Foi 
example, if there are fifteen cold spots and the microscope shows 
fifteen Kraiise endings, it is assumed that Krause endings are the 
receptors foi cold Such a con elation of numbers, however, may be 
quite accidental, even for the special legion investigated Further- 
moie, in the skin on most paitb ol the body no Kiause endings can be 
found [17] Thus the evidence from indirect studies remains 
inconclusive 


Estimating Receptor Depth 

An interesting attempt at a direct approach to the problem of 
receptor depth is the method of punotiforra narcosis [12] In this 
scheme warm and cold spots are first mapped and maiked The skin 
at each spot is then punctured to a measuied depth, and a drop of 
novocain BoluUon placed on the puncture Warm spots, it is found, 
must be punctuied to a greater depth than cold spots for the novocain 
to produce loss of sensitivity, suggesting that warm leceptoi's he 
deeper below the surface of the skm Seveial methods .of indirect 
estimation of depth have been employed, but these are invalid because 
they depend upon speculative assumptions concerning the nature of 
the receptors, the process of stimulation, or the rate of heat conduction 
through the skm — no one of which is adequately established 


Nahjre of th© Receptor Processes 

No dii^ect approach has been made to the study of cutaneous 
receptor processes m human bemgs The effects of chemicals upon 



adaptation in the akin of the fiog [23J or of ner\e cunenta fiom atnnu- 
lation of tlic cornea of the cat [45] ait suggestive only by analogy 
There are, however, a number of methods which arc bignificant 
because they bear induectly upon the problem 

The a itical fiickei frequency, oi the minunuin time inten al at which 
successive stimulations can be sensed as separate, is important m 
indicating the speed of receptor action For wairoth and cold, this 
can be determined by using radiant heat or dry ice and a rotating 
shutter to intonupt the stimulation [15] Acemate mcasureraent 
requires the use of not more than two successive stimulations at a 
time, because icpeated exposure changes the ekm tempciature and thus 
its diffeiential sensitivity Waim and cold stimuli scpaiatcd by 
approximately 0 2 second can be sensed as separate, 'indicating a 
quite lapid recovery in the receptor pioccs-^ In the case of touch, 
an extremely rapid receptor process is indicated At low rates of 
stimulation the successive touches are sensed as separate As the 
rate is increased, the separate touches blend into a smooth vibration, 
which can be sensed cleaily up to seveial thousand vibrations ])er 
second 

Adaptation to warm and cold has been etudied with an apparatus 
m which the stimulator is surrounded by a neutial-tempcratme field 
to minimize the effect of spread to surrounding areas [24] Under 
these conditions, complete adaptation to warm oi cold takes place 
m a few seconds when a 1-milliraeter stimulator is used With larger 
sizes, the time for complete adaptation is found to be greater for a 
narrow rectangular stimulator than for a circular stimulator of the 
same area, and still greater when the same area is presented in the 
form of a ring 

Also significant arc the effects of stimuiator size ond temperature 
Interesting xelationships are discovered when the same skin area is 
mapped repeatedly uith different stimulator sizes [26] or uith the 
same size at different temperatures [27] For such studies a checker- 
board pattern of 2- or 3-millimeter squares is stamped on the skin 
The squares are stimulated m random older alternately ■with different 
sizes or different temperatures The subject repoits 0, 1, 2, or 3 to 
indicate the experienced intensity from each stimulation After the 
mapping has been lepeated six or more times, reports from the most 
consistent subjects are used to determine the relations 

Some unexpected results are encountered To take a single example, 
assume that the checkerboard is mapped with temperatures of 38, 
41, 44, and 47 degrees Intensity of warmth experienced from the 
higher temperatures does not rise uniformly all over the map Some 
squares yield consistent reports of 1 at 38 degrees and continue to 
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give 1 at 41, 44, and 47 degrees Other squaies give 0 at 38 degrees, 
0 at 41 degrees, and then suddenly become 2 oi 3 at 44 degiees Many 
othei \aiieties of response aie found, indicating that receptoi action 
18 nut a simple matter of uniformly giaded lesponse Similarly curi- 
ous relations are found when the same skin area is mapped with 
different sizes For example, a laigei stimulatoi covering two squares 
of differing sensitivity typically yields a leport consistently lowei than 
the maximum ol the two individual squaies 



Fig 2. Radiant h©at shmolafor (Adapted from Hardy [37] ) 

Radiant stimulatwn produces different results from those obtained 
with metal stimulators brought in contact '^vith tlie skin As the 
radiated area is enlaiged or the ladiant intensity increased, the experi- 
enced warmtli rises quite legulaily [22] In contrast are the irregular 
changes just described W 4 th contact stimulation Why radiant stimu- 
lation and contact stimulation have such different effects has not yet 
been eatisfactoiily explained 

An excellent method of using radiant stimulation has been developed 
by Hardy and his coworkers [21] Heat from a 1000-watt lamp is 
condensed by a lens and focused on an apeiture of the desiied size, as 
shown in Fig 2 The length of exposure is conti oiled by a shutter 
The exact strength of radiant stimulation is measured by substituting 
a radiometer for the subject’s skin aftei each set of stimulations The 
same apparatus can be employed to study pain from radiant heat by 
using much higher intensities 

Warm and cold can be aioused by various forms of inadequate stimur 
lattoUj as well as by the usual increase and decrease of tempeiatuie 
Perhaps the simplest demonstration is the chemical effect of menthol, 
which gives a sensation of coolness, and of chloroform (applied under 
a watch-glass to prevent evaporation), which pioduces mild warmth 
Warm and cold can sometimes be obtained by electrical stimulation, 
as in chronaxy determinations, or by mechanical stimulation of spots 
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of high scn&itivity with a blunted \\ooden inatclistick Suiiu cold 
spots will respond with a cold sensation when touched with a small 
stimulator at 45 dcgiecs centigiade — paiadnxjcal cold Similaily, 
some warm spots woll lespond with a waim sensation to 20 degrees 
centigrade — jiaradoxical warmth Consideiahle patience is required 
to find such responsne spots on most subjects 

Changing the skin teinpei atin e aftect*^ sen&itnity to touch, Mbration, 
and pain The tempeiature in a limited aiea may be raised by expos- 
ing it to a laciiant hcatei oi lowered by holding a block of dry ice near 
the surface Sensitivity to touch, vibiation, and pain can then be tested 
wdnle the skm suiface is at ^anou3 temperatures Lowering the skm 
temperature merely reduces sen^^itivity Raising the skin temperature 
at first makes the skin more sensitive to touch, vibiation, and painful 
stimulation, but with still furthei increase the sensitivity lapidly 
falls off (49] 

Although these various phenomena do not give a clear and consistent 
picture of the nature of the skin leceptor processes, they do warn 
against the leady acceptance of any oversimplified theory of their 
operation 


METHODS OF STUDYING THE ACTUAL NATURE OF STIMULATION 

Attempts liave been made to measure what actually happens in the 
skin when mechanical and thermal stimuli are applied, and some 
illuminating if only partial answers have been obtained 


Mechanical Distortion 

To produce an experience of touch, the critical factor is the bending 
or distortion of the skin and not pressure as such In small areas, 
careful pulling on a Btimulator glued to the skin produces sensations 
which are indistinguishable flora those obtained by pressing down 
gently on the same stimulator [8] 

No way has been found to estimate the total amount of skin distor- 
tion in any meaningful fashion, but the depth of its depiession can 
be measured Perhaps the most precise determinations were made 
by von Bagh [47], who used two different types of apparatus In 
one, weights were applied to a balanced arm bearing a stimulator 
which rested on the skm, as shown in Fig 3 In the other, the stimu- 
lator was forced into the skin to a measured depth With both 
methods, measurements were made of the minimum depression neces- 
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sary to aiousc a sensation oi touchy and tho niinmium diflcicncc in 
clepiession \\lnch could be detected Eftects of difteicnt Btimulatoi 
aieas were also compaied A])paientl> no eunilai measurements have 
been made of stimulation by pulling up instead of picssing down on 
the skin The i(tte at ^vhich the stimulus is applied is found to be 
an important factor [20], since the expeiicnced intensity is gieater 
with a fastei late 



Fig 3 Tactile stimulator (Adapted from von Bagh [47].) 


Skin Vibration and Spread 

In vibiatory Btimulation, moaeurement is more difficult because the 
akin is in constant motion A neat solution involves tlie use of a neon 
light interrupted at the same frequency as the vibrating stimulatoi 
Pioper adjustment of the light frequency causes the skin tu appear 
to stand still oi to move veiy slowly up and down The extent of 
the swung can then be measuied on a microscope scale by focusing first 
at the upper and then at the lower limit of tlic movement [16] The 
amount of spiead of vibiation to surrounding areas can be detei mined 
by using a lightweight phonograph pick-up suspended so as just to 
make contact with the skin, and then amplifying the result so that 
it can be measured in a oathode-ray oscilloscope Vibration applied 
to the skin at a single point is typically found to spread over a 
considerable area 


Thermal Changes 

Accurate measmements of the heat absorbed by the skin from 
radiant stimulation can be made by substituting a Hardy radiometer 
for the subjects skin and repeating the stimulation [37] Estimates 
of the actual skm temperature at the instant of stimulation have been 
attempted by making radiometric measurements 16, 30, and 60 seconds 


attei nuliant stimulation jSSj, hut ixtondiiig cui\e of cooling 
backward tn the time ot «^tnnulatirm i exults that aie too unie- 
liable to have much meaning The terlimrjiic might woik better if 
moasurements could be gun immediate aftci ‘^tiinulatum 

MeaHiicment ot tcinpciature changes below the suiface ot the ekin 
has been attempted with fine wiicb drawn through the ‘^kin to form 
thennocuuple Ifinps [3] AVhen an ordinary metal stimulator is 
1)1 ought again'i^t the skin above the thcimocouplc junction, the tem- 
peiatmc at even a slight depth ncvci full> i caches that of the 
stimulator This di'^crcpancv is piobably due to the stabilizing action 
of blood cii dilation However, tlic i datively alow*-ino\ing «tnng 
galvanoinctei used m this incthod piobably docs not reveal the tiiie 
late at which the temperature changes occur 


OTHER PROBLEMS AND METHODS 

What IS actually the gieatcst bulk of expenmcntal investigations 
of the skill senses may be giouped unrlcr thi" more miscellaneous 
heading Though numerous., these expciiinents have i datively little 
to contribute in the way of interesting methods Problems of local- 
isation, two-point thle^hold, and tactile extent and linearity aie 
peculiar to the skin senses but mv^olve ratlier simple techniques 
Measuiements of stimulus thresholds, differential thresholds, reaction 
times, and adaptation times mainly parallel those in other sensoiy 
fields PeiceptioE of the foun and motion of objects pressed against 
the skra follows much the same rules as m visual perception 


Measurements Peculiar to the Skm Senses 

Localization, two-point tliiesholcl, and other problems of spatial 
discrimination have been studied mainly in relation to touch, although 
similar questions arise m connection with warm, cold, and pain, where 
the use of “pure” stimuli tmcomplicated by touch is an essential 
difficulty to be overcome 

If the skm is touched while the subject has his eyes closed, how 
accurately can he locate the stimulated point? Results vary accoid- 
ing to the method of designating the locus, whethei by exploung the 
skm with another stimulator, by pointing to the spot, or by describing 
itfl location m relation to coordinates stamped on the skin [34] 
Among the factors which have been studied are the mfiuence of age 
and of training, the effect of moving the stimulated part, comparison. 
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of blind and sighted subjects^ and the ability to localize t^vo simub 
ianeous atimulationa [42] Localization of painful and theimal 
Btimuli has been less extensively studied 
If the skin is stimulated at two points simultaneously, how far 
apart must the points be in ordei to be cleaily sensed as separate? 
This IS not a simple mattei to determine Introspectively the change 
fiom one to two points is not clean cut but invohes a senes of transi- 
tion figuies, such as ovals and dumbbells [7] Consequently, the 
subject's self-instruction is important If he reports “two points” 
as soon as the stimulation is no longer cleai ly sensed as a single point, 
the obtained liracn is much smaller than if he waits until he clearly 
perceives two scpaiate points Paitial control of suggestion m this 
instance might be achieved by actually using oval- and dumbbell- 
shaped stimulators, as well as two separate points Among the \an- 
ables studied in the tactile two-point limcn aie the lelativo accuracy 
across the niidline of the body, as compaied with two stimulations on 
the same snle, the influence of the strength of tlie stimuli, and the 
effect of moving the stimuli Mcnsuieinent of the successive two- 
pomt limen, m which the subject judges whether tw^o successive 
Btimulations are at the same oi different places, seems to be simply 
a special phase of tlie problem of localization 
How well can a subject discriminate the difference in length of two 
cardboaid edges piessed against the skm [13]? If thiee points m a 
line arc piessed against the skin, how far must one be displaced to 
become noticeably out of line? In such experiments it should be noted 
that pure tactile sensitivity is involved only when the stimulators are 
pressed against the skin When the fingers aie run along a stimulator, 
kinesthetic as well as tactile sensitivity comes into play« 


Routine Psychophysfeaf Measurements 

Determinations of cutaneous stimulus hmens, difference limens, 
reaction times, and adaptation times are basically similar to the 
analogous measuiements m other sensory fields 
The stimulus hmens for pain, waxm, cold, and touch have been 
measured on various parts of the body, with different sizes of stimu- 
lators and under diffeient conditions of adaptation The moie impor- 
tant types of apparatus, such as the Haidy ladiant stimulator foi 
warm, cold, and pain, and the von Bagh appaiatus for tactile deter- 
minations, have already been desoiibed Of special interest m con- 
nection with pam IS the influence of various drugs, such as aspirin, 
upon the pam threshold. With vibratory stimulation, thiesholds are 
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found to VB.ry at dafterent frequencies, much as is found in hcaiiiig 
A number of studieb ha\c dealt witli ^'thieshold lability*' [46], le, 
the tendency for thiesliold values to rise lapidly undei the influence of 
intermittent stimulation, a condition found most strikingly in ceitnm 
nervous disorders 

Diffeieyice Umens, or the smallest detectable difference in pam, 
warm, cold, and touch, can be measured by applying successi\e stimu- 
lations of different intensity oi by changing the intensity of nn applied 
stimulus The 9 ate of stimulus cliange is an iinpoitant factor ^hich 
has frequently been neglected For example, the difference liincn for 
detecting a change of pressure on the skin is much bnialler if the 
change is made suddenly than if it is introduced giadually 

Reaction times to cutaneous stimulation aie nieasmcd by the usual 
chronoscope and reaction-key incthod^^ Reactions to touch involve 
no complications, but contact stimulation of pain, warm, and cold are 
complicated by the presence of simultaneous touch, which has a shortei 
reaction time Instiuctmg the subject to neglect the touch is searcel} 
a satisfactory solution Efforts must be made to eliminate the touch 
element coinpletel> In radiant stimulation this difficulty does not 
appear [14] 

The measurement of adaptation tme, or the time for a cutaneous 
sensation to disappear under continued stimulation, is greatly affected 
by the standard used by the subject in deciding that a sensation is 
completely gone A subject can be tiaincd to give consistent results, 
but there is no way of telling whether his standard of complete disap- 
pearance is the same as that of another subject Consequently, com- 
parisons from subject to subject are apt to be meamngless With 
tlierraal stimulation the spread of the stimulus can be minimized by 
sunoundmg the stimulated area with a metal ring maintained at skin 
neutral by circulating watei With mechanical stimulation the skin 
must be fixed m position to prc\ent movements which would acci- 
dentally aiousc adjacent regions 

An Intel estmg effect lu connection with adaptation is the tendency 
for a sensation to wax and wane, sometimes disappearing completely 
and then spontaneously reappearing [43] Another tujiic which has 
not been thoroughly investigated is long-term adaptation in the sense 
of ^^getting used’* to painful or thermal stimulation as the result of 
repeated exposure 

Cutaneous Perception 

There is a striking similarity between visual perception and cutane- 
ous perception of forms, movement, and apparent movement Tactile 
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peiception of and illusions of loiiu lia\e been studied by picssing 
wooden squaies, tnangley, etc , agam^^t the ^kui [40] Tactile percep- 
tion of actual movement has been studied by moving an an jet aoioas 
the skin [llj Tactile apparent movement can be obtained by touch- 
ing a senes of points in lapid succession, gumg the illusion of an 
object being diawn acioss the skm surface [36] Theimal pciception 
of foim and pattern is latliei pool It has been investigated with 
waim and cold metal stimulatois of vaiious shapes and also by lacliant 
stimulation without contact [44] 

Analyses have been made of the expeiienccs of tickle, itch, and 
burn, but mainly at the level of intiospective desciiption Also 
attempts have been made to sYnthesize the expenences of loughness 
and smoothness [1], moisture [32], and heat [25] by combining 
various cutaneous stimuli For example, on illusion ot ‘Svetnoss’^ can 
usually be pioduced by a stimulatoi that is both cold and slippery, 
although entiiely diy Some subjects leport ^*hent” when stuuulated 
with a gild of alternate waim and cold tubes, although the eflect is 
difficult to obtain in most naive individuals An interesting finding 
IS the dependence of the AjiziehungseiJekt (tendency of a w'eak touch 
to seem displaced towaid a stiongei touch) upon the poceived separa- 
tion of the two points, lathei than upon then actual physical sepaia- 
tion [33] This suggests that conditions as peiceived might be more 
important than conditions as they aie m oui othei psychophysical 
measuiements 


SUMMARY OF METHODS OF CUTANEOUS STIMULATION 

Although a vanety of methods of stimulating the skin have been 
mentioned in connection with specific piublems, it seems well to 
summarize the chief methods, with some comments on then limitations 


For Touch 

The tiaditional stimulators for mapping touch spots are hairs of 
differing stiffness, which bend at known piessures An esthesiometei 
or a stiff wne operating against a spimg acts in a similar fashion 
These hand-operated stimulatois give control of the maximum pie^suie 
applied, but not of the late of application Foi any precise mea^uie- 
ments, some soit of mechanically ox electiically controlled stimulator 
IS desirable, so that the rate of application can be conti oiled and the 
depth of the skin distortion measured The von Bagh apparatus 
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(Fig 3) icpiefcciits a type of rkAioc that is useful in a nuiubei of 
diftcient kinds of expeiimciital woik Little has been done toward 
developing methods of stimulating the ^kin by traction I pulling up 
instead of pic^sing down), although the ^'ame sort of appaiatus could 
be readily adapted for thi& puipose Anothei neglected field is the 
controlled stimulation of individual bans on the skin, winch, like the 
cat’s whiskcio; are extremely ''Cn'^itne mditatois 


For Vibration 

Piactically all cxpeiimenteis now u'^c an oscillator to generate the 
desired fiequcncies and the analog of a dyimimc speakci to tiansfunn 
the electrical oscillations into inLchanical iibiations The iiac of an 
mtenupted neon light anrl a miciuscope to ineasiuc tlic ainphtude of 
skin movement has alicady been uientioncd Alternating current'^ 
applied diiectly to the ^km pioclucc eftccts similar to those obtained 
with mechanical Mbiatiun [18], although the actual natuie of the 
stimulation is diffeicnt An intciriiptcd air jet has also been used foi 
vibiatoi^ stimulation, hut is a pool method becauso of the iiieitia ot 
the indn idual an puffs 

Vibiatoiy stimulation leadily sprcacL to othei part'; of tlic skm, 
even when tlic stimulator 13 a fine noodle point Anesthetizing the 
skm under the stimulatoi does not prevent such spieadmg anrl may 
m fact nggiavate it, since the anesthetized aica tend'; to vibiate ns 
a whole [48] The actual extent of spread can be checked by using 
a hghtw^eight jnek-up susjiendcd so as just to make contact with the 
skin In addition to spread, anothei source of confusion is the 
presence of deep sensitivity, which continues to lespond to vibiatoiy 
stimulation aftei the skin itself has been completely anesthetized 


For Pam 

The chief ways of mousing pam experimentally are by pricking 
and burning Any of the devices used for tactile stimulation may 
bo employed to puck the skm by substituting a fine needlepoint for 
the tactile stimulator A vTiy fine needle will sometimes penetrate 
the skin so smoothly as to give puio pam without any accompanying 
sensation of touch Hea\y pressure with larger stimulators may 
arouse deep pam, causing some confusion 
Radiant heat has no touch element, and the buinmg pain can be 
subjectively discriminated fiom pamless warmth and heat The 
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Haidy apparatus (Fig 2) is excellent toi this puipose There is some 
evidence, however, that deep pain can be aiouaed by stiong radiant 
heat, even when the ekin has been anesthetized [39] Electiical 
stimulation with high-voltage, low-ampeiage cuircnt gives a painless 
prick which becomes painful with stionger stimulation [5] 

ForWarm and Cold 

Waim and cold spots are usually mapped ^ith a water-circulated 
stimulatoi having a circulai tip appioximately 1 millimeter m diame- 
ter [10] Foi lepeated mapping of a checkerboard pattern, square 
and oblong stimulators which exactly fit the clicckerboaid squares 
may be used »[26] The subjects must be tiained to neglect the 
simultaneous touch sensation and report only expeiiences of waim 
and cold 

In the measuiement of adaptation times, difference limens, and 
stimulus hmens, tlie stimulator at neutral temperature can be allowed 
to rest on the skin until tactile sensation has disappeared Then the 
desired temperafcuie can be applied by suddenly changing the tem- 
perature of the circulating water With a veiy small stimulator, 
touch can be virtually eliminated by applying the stimulator thiough 
a small opening on a neutral field to such a level that the skin is not 
distorted 

For ladiant stimulation the Hardy type of apparatus is admiiably 
adapted A block of dry ice can be substituted for the heating 
element to obtain 'Tadianfc cold The heat absoibed oi lost by the 
skin during stimulation can be accuiately measuied by radiometer 
Smee results obtained from radiant stimulation appear to differ 
markedly from those seemed with contact stimulation, parallel investi- 
gations using the two forms are desiiable Diathermy has also been 
used foi thermal stimulation [60], and thermal sensations are aroused 
when blood circulation is cut off and then suddenly leleased [2], 

Especially m studies of adaptation, false results may arise from 
the spread of the stimulus beyond the cleaned area Spread can be 
minimized by sui rounding the stimulator with a metal img maintained 
at skm temperature or by anesthetizing the surrounding legion by 
electroendosmosis [9] Constiiction or dilating of the blood vessels 
usually accompanies thermal stimulation, but these vascular changes 
must be considered part of the normal stimulus situation 
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Chapter 10 

Studying the Senses of 
Taste and Smell 

Carl Pfajfmannl 


The flaT-oi of food, which we often uncritically call taste, is usually 
a complex experience or perception depending not only on the sense 
of taste but also on the sense of smell and the common sensitivity of 



the mucous membrane of the nose and mouth Kinesthetic sensations 
from tlie muscles of mastication and even sight and hearing may con- 
tribute important components Imagine if you can, the flavor of 
celery without the cool, crisp feel and oimnchy sound as you chew 

1 Aasistant Professor of Psychology, Brown Umversity 
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the fresh, firm stalk Coolness, feel, and sound aic not true taste 
qualities It la with tiue taste that you appreciate the flavor of salt, 
citric acid, sugai, or quinine, it is laigely by odoi that you know the 
flavor of fiuit, cofiee, oi buttei 

Anatomical studies have shown that the olfactoiy sense oi*gan 
consists of a small patch of neivous tissue located in the upper recesses 
of the nasal passages The sense organs of taste consist of small 
goblet-shaped sense cells primanly in the fungiform and ciicumvallate 
papillae of the tongue, althougli some taste buds may be found on 
adjacent stiuctmes, such as the epiglottis and soft palate The sense 
oigans of the common sensitivity aie nerve endings throughout the 
mucosa of the nose and mouth The lelative position of these sensoiy 
areas is shown in Fig 1 

This chapter will discuss methods of investigating taste and smell 
Foi the present purposes the sensitivity of the mucous membiane to 
mildly irritating chemicals, called by bome the common chemical 
sense, will be included under the term common sensitivity, which 
includes sensitivity to waimth, cold, pressuie, and pam 


METHODS OF STUDYING TASTE 

Distinguishing Taste from Smell and the Common Sensitivity 

In some cases taste can be distinguished fiom its neighboring senses 
quite readily By plugging the nostnls, the sense of smell can be 
eliminated almost entirely Something of this soit occuis naturally 
during the common head cold, when food seems to lose much of its 
aroma Moie specifically, the elimination of olfaction eliminates such 
qualities as fiuity, foul, spicy, or buint The touch and temperature 
sensations which often accompany taste can be mmiinized by applying 
the stimulus as a solution w^armed to body temperatuie 
With olfaction, tempeiature, and touch eliminated, theie remain 
only such qualities as sour, sweet, bitter, and salty Those aie the 
true taste qualities, for they can be elicited only from aieas known 
to possess taste buds Veiy weak acid solutions, foi example, will 
arouse no sensation from the gums, cheeks, oi undeisuiface of the 
tongue, but will call out a definite soui taste on the tip and sides of 
the tongue, wheie taste buds aie found m great abundance Strongei 
aoids may call out the additional quality of pain or shaipness This, 
howevei, occurs everywhere in the mouth and must therefore be an 
added component from the common sensitivity of the mucosa 

m 



Methods of Studying Taste Qualities and Their Sensory Basis 

The 1 elation of taste quality to stimulus composition is most com- 
monly investigated in man by one of the integrative stimulation 
methods, in which the solution spieads ovei a laige pait of the tongue 
surface to stimulate as many receptors as possible In gencial such 
methods are standaidized \cisions of noimal sippmg oi tasting In 
other cases ^mal\ amounts of fluid aie dropped on the partially 
extended tongue by means of a pipette or medicine dioppei fdio]! 
methotlj Appiopnate mteivals to 6 minutes) between stimuli 
avoid adaptation or contrast eftects, and a delay of 2 or more houis 
aftei eating minimizes taste afteieffects from the food 
In certain expeiiraents the subject is asked meiely to describe the 
taste expenence as accuiately as possible In othei instances he may 
compare the tert sample \\ith standnid solutions possessing puie salty, 
sweet, soui, oi bittei tastes Both methods show that many different 
substances have pure sweet, sour, oi bittei tastes, wheieas the puie 
salty taste is elicited only by sodium chloride All other salts give 
use to complex tastes which can be matched by mixtuics ot solutions, 
as specified by the following mixtuie equation [40, p 455] 

N — xA + yB 'h zC + vD 

where N is the concentration of substance giving the compound taste, 
matched by a mixture of i, z, and i; conceutiations of the bitter, 
salty, sour, and sweet standaid solutions, respectively It is important 
to specify the concentiation at which such qualitative compaiisons aio 
made, for taste quality often cJianges as the concentration inci eases 
Saccharine in dilute solutions tastes sweet, in stronger solutions the 
taste IS bitter 

In general it may be said that acids have a soui taste, a laige numbei 
of alkaloids a bittei taste, many caibohydrates a sweet taste, and 
many salts a complex salty taste It should be pointed out, however, 
that there are many exceptions to this simple lule Certain substances 
radically difteient fiom the sugais in chemical compoBitioii, such as 
sacchaiine, lead acetate, and ^aiious alcohols, ha^e sweet tastes that 
are indistinguishable from each othei 
In the method of punctate stimulation the stimulus is lestncted 
to a single point or small area on the tongue It was by a gross foim 
of this method, as mentioned above, that the end organs for taste weie 
identified The qualities of salty, soui, bittei, and sweet could be 
ehcited only fiom areas known to contain taste buds 

Inadequate stimulation by electnc currents is well suited to the 
punctate method Since stimulation takes place througli metal wire 
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01 wick typo of electiodes, these can be placed on a particular tongue 
legion with gieat accmacy There is no danger of the stimulus diftus- 
ing away fiom the point of application, as might occui with solutions 
Monopolai stimulation occui s when one teiminal of a batteiy is con- 
nected to a single electrode on the tongue, and the othei teiniinal to 
a laige indifferent electiode on some other pait of the body If the 
tongue eleetiode is attached to the positive pole of the batteiy, a soui 
taste will lesult, if the tongue electiode is negative, the taste is 
alkaline [29] With bipolai electiodes, i e , both leads on the tongue, 
01 faiadiG or alternating curients, the taste may be complex The 



Sweet Sour Bitter Salty 

Fig 2 Diagram showing the relative sensitivity of the tongue for the 

different tastes 


Hie regloni of greatest senilfivlty/ 1 « / ^Ith the lowest thresholds, are Indicated by the greatest 
density of dots (After Hbnig [ 19] ) 

essential point foi oiu purpose is that no "electiic taste” is elicited 
fiom those legions devoid of taste buds 
To use the punctate method with liquid stimuli, small biushes 
saturated with taste solutions are most commonly employed By 
this means the sensitivity of the tongue to each of the foui basic 
tastes has been mapped The tip of the tongue is most sensitive to 
bweet, the sides to sour, the back to bittei, and the tip and sides to 
salty, as shown m Fig 2 [19] This distribution suggests that the 
foul qualities of taste are mediated by four types of leceptor oigan 
If all tastes depended on the same leceptoi organ, every region of the 
tongue should be equally sensitive 

If veiy small blushes aie used, so that individual papillae can be 
stimulated, the majority of papillae will be sensitive to all taste 
stimuli, A small number, howevei, will lespond exclusively to salt, 
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sweet, 01 soui stimuli [26] This suggests that certain papillae may 
coutain only one type of taste leceptoi 

The foul taste qualities can be fuithei dissociated by the suppressoi 
action of certain cliugs In A\eak concentiations cocaine piimaiily 
1 educes bitter sensitivity, anothei substaneJe, gymneiiic acid, depresses 
sweet sensitivity [39] 

It will be noted that the methods so lar described aie indirect, in 
that they depend on coirelatioiis between the stimulus and response 
of the intact oiganism Changes in thicshold or m the quality of the 



Fig 3 Record of a single nerve fiber preparation responding to acid on 

the tongue 

Tho larg« IrUtIa] upward defleclfon slgnais the time of applying the ttimulus Thit Is followed by 
the train of nerve Impulie ipfkei (A) itimului 05 N ocetlc add (B) itimufu* 0 01 N hydrochlorfc 
add Each white time mark at baie of record (B) Indicate! 1/10 second 


sensation are believed to reflect changes in the sense organ, providing, 
of coiuse, that such factois as fatigue, inattention, and piaetice have 
been adequately controlled The development of eloctiophysiological 
methods in lecent yeais peimits a more direct attack on the analysis 
of sensory function It is now possible to recoid with an electionic 
araphfier and oscillograph the ncive impulses in a sensory nerve fiber 
following stimulation of its associated sense oigan (See Chapters 14 
and 15 ) In one study single afterent neive fibeis m the nerves from 
the tongue of the cat Nveie dissected undei a binocular micioscope and 
placed upon the recording electrodes ^ The discharge in a typical 
single nerve-fiber preparation from the choida tympani neive is 
illustrated m Fig 3 Instead of four types of single nerve fiber, each 
responding only to acid, salt, sugar, or quinine, as might have been 

2 It will be appreciated by the student that this is essentially a unitary or 
punctate method of analysis, m which the restriction to a single unit is intro- 
duced at the recording rather than the stimulating pha^e 
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expected from tlie evidence piesented so far, only three types of single 
nerve fibei neie found One was activated only bj acids, a second by 
both acids and sodium chloiidc, and a thud by acids and quinine No 
single fibei piepaiations responsive to sugai were found These 
lesults confiim the view that theie aie diffeient types of taste receptoi 
but suggest fuithei that these leceptoi types do not necessarily 
coi respond to the foui fundamental taste qualities [34] 


Methods of Studying Taste Sensitivity 

Most techniques in this categoiy are piiinaiily concerned with taste 
sensitivity as a whole Difterences in sensitivity from one pait of 
the tongue to another aie aveiaged by applying the stimulus to a laige 
aiea of the tongue In man the stimuli may be applied by any of the 
integrative methods already tlesciibed, such as the drop method or 
sipping method Of these, the sipping method will give lowei and less 
vaiiable values of the absolute threshold [38] In certain cases wheie 
precise control of such factois as the aiea, pressuie, tempeiature, and 
diuation** ot stimulation is leqimed, some foim of applicator may be 


Inlet — 
Outlet' 



Fig 4 One type of glass applicator to control the area of taste stimulation 

Thd opplfcator oporKir® Is pioc«d on the iub|«crs tongue Tlio Inlet Is connocfdd to a system of 
tubes so that various solutions con be directed through apparatus 


employed [17, 23, 32] One such device is sho^^n in Fig i The most 
fiequently employed psychophysical pioceduies aie the methods of 
constant stimuli, single stimuli, and limits (See Chapter 6 ) In the 
method of limits the descending series is often omitted, because the 
aftei tastes of the supra threshold stimuli m the eaily part of the 
descending senes tend to mask the weakei stimuli m the latei pait 
ot the senes 

Studies indicate that marked diffeiences in taste sensitivity may 
exist even m a lelatively small gioup of individuals In a group of 
forty-seven subjects the thresholds for diffeient taste stimuli distribute 

Especially important m studies of adaptation [I, X8] 
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u\ei the lunges shown in Fig 6 Note that one substance, jihcnyl 
thiocaibamide (PTCj, has an unusually uide range of thresholds [7] 
This substance has been employed m tests of ^Tastc blindness 
Persons unable to taste PTC ciystals aie known as ‘hion-tasters 
Actually such individuals are not taste blind They aie only lela- 
tively insensitive, for with 'sufficiently stiong stimuli then tlueshokls 
can be i cached In Fig 5 then values would lie in the uppei pait 
of the distribution cui\c foi PTC The notion of taste blindness as 
an all-oi-none attnbute gained cicdencc luigclv as a icsult of eailj'’ 
tests with the corameicial ciystals In this fuim the stimulus cannot 
be graded in intensity so that the subject cithei tastes oi does not 
taste This dichotomy is quite arbitrary [7] If the commeicial 
crystals aie punfied, a moie eflective stimulus can be obtained, and 
some of the ^^non-tasteis” will become “tasters ” This is an impoitant 
point of methodology'', foi it shows lunv experimental lesults may be 
influenced by the method of measuiement 
It is of paiticulai inteicst that taste sensitivity in the same person 
may change fiom day to day and even dining the same day Such 
variations probably icflect changes in the physiological state of the 
mdivKlual The diicct action of chemical agents m tlie blood has been 
demonstiatcd in a number of cases Foi example, decholm (a bittei- 
tasting substance) gnes use to a bittei taste slioitly after injection 
diiectly into the blood stieam [20] Stimulation sufficient to elicit a 
sensation in this way piobably occui’s only if the change in the blood 
takes place suddenly Normally, the taste receptors aie in a state of 
equihbnuin yvith the chemicals m the blood As these blood factors 
change slowly, there may be corresponding changes in the scnsiti\ity of 
the receptor With high concentiations of sodium chloride in the 
blood, for example, it would bo expected that the thiesliokl for the 
same substance applied to the tongue would be high With a low^ei 
concentiation the thieshold might be loivei 
Metlrods which depend upon unlearned feeding piofeiences or aver- 
sions have been employed primarily in animal studies (See Chapters 
12 and 13 ) To determine eodnim chloride piefeience thresholds, 
for example, the animals, placed in individual living cages, aie pio- 
vided with two graduated drinking bottles After they have become 
adjusted to the situation and are drinking about equal amounts of 
water from each bottle, sodium chloride is added to the water in 
one of the buttles On successive days the concentration of salt is 
increased gradually until the animal consistently takes moie salt than 
watei The concentration at which the animal first show's a preference 
foi salt 18 the piefeience threshold concentiation See Fig 6 This 
pieference is abolished wdren the taste neives to the tongue aie cut, 
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Fig 5 Graphs showing the distributions of thresholds In 47 individuals for 

different substances 

VolwJ Indkatad at bai« line rang© frofn a dilution of 1 part In 5,120,000 (lt5t20M wher© 
M = 1000) to 1 port In 39 06 parti of wat©r (1:39 06) (From Blakeil©© and Salmon [ 7 \ ) 
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The piefelelice thicsliold ioi sodium chloiide and the aVcision thiesh- 
old foi quinine in the white lat agiee with the threshold concautiations 
for these substances found m man by othei means (37, 42] Theic is 
a methodological question, liowevei, whethei the preference or aversion 
thieshold is a true index of sensitivity Studies to be discussed latei 
show that in man, the same taste substance may be pleasant, indiftei- 
ent, or unpleasant, depending upon the concentration Weak con- 



Fig, 6, Graph showing the sodium chloride preference threshold for 12 rats 

At 0 06% the artlmali begin to iKow a definite preference for toft solution, which becomes greater 
at the concentroDon Increases (From unpublished results of J K. Bare ) 


oentiations of quinine sulfate, for example, may have a pleasant taste 
Preference or aveision may be related to that factor in man known 
as the pleasantness oi unpleasantness of taste 
Closely 1 elated to the above pioceduie is the method of observing 
reflexes oi the modifications of leflex activities attei taste stimulation 
The sucking response is particularly suited to studies of taste m infanta 
and yoxmg mammals. Although the early workers simply observed 
the sucking movements when taste stimuli were mtioduced into the 
mouth, later investigators graphically recorded the sucking reflex by 
utihzing the pressiue and volume changes in the niu’Sing bottle as the 
fluid was sucked out [24, 33] A modified nursing bottle was con- 
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nected by a system of tubes to the lecordmg bellows of a polygraph 
or kymograph Figure 7 shows the response to 0 9 per cent sodium 
chloride, a concentiation abo\e thieshold for the particulai child 



Fig 7 Polygraph record showing a dlfForentlal response to 0 9% sodium 
chloride compared to the normal sucking response to milk (After Jensen [24] ) 


studied Thresholds defined as the concentration that caused a just 
noticeable distortion of the sucking response were found to range 
between 0 2 and 0 9 per cent foi one group of infants 


Methods for Studying Suprathreshold Stimuli 

The designation or specification of taste intensity for concentrations 
above the threshold is of piactical as well as theoretical interest [8] 
One common method foi designating the stiength of a sweetening agent 
IS in terms of a stanclaid substance, such as cane sugar The sweet- 
ness giade IS given by the number of grams of cane sugar lequned to 
match 1 giam of test substance m sweetness when both are dissolved 
in equal volumes of water By this measure, fructose was found to 
have a value of 1 05 Since 1 06 giams of sucrose were required to 
match 1 gram of fructose, fiuctose is the sweeter of the two substances 
Glucose and lactose have values of 0 63 and 0 27 respectively and are 
therefore less sweet This method holds only foi the particular con- 
centration at which the comparisons aie made As concentration 
increases, some substances become relatively less sweet [40] 

This latter effect presumably depends on the fundamental relation 
between subjective intensity and objective stimulus intensity The 
study of intensity discrimination m taste shows a relation similar to 
that for other aensee [22] As the concentration inci eases, the value 
of a 7/J for the taste of sodium chloride decreases as shown m Fig 8 
At higher intensities, a lelativelv smaller mciease m the stimulus is 
required m order to produce a just noticeable increment m taste 
In addition to these effects, changes m the intensity of taste stimu- 
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Fig 9 Graph showing fhe number of indifferent, pleasant, and unpleasant 
[udgments made by 7 observers for different concentrations of sodium chloride 

(After Engel (14].) 
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lation aie usually associated ^\lth changes in the pleasantness or 
unpleasantness of taste AVhen ^\e use salt, peppei, vinegar, oi othei 
condiments to iinpiove the palatability of food, oui iccipe usually calls 
for just enough to give a good taste, but not so much as to be too 
stiong and unpleasant The i elation of hedonic tone, i e , pleasantness 
or unpleasantness, to the intensity of stimulation can peihaps be 
demonstiated bettei in taste than m any othei ^ense field In Tig 9 
the degice of pleasantness oi unpleasantness of salt solutions of differ - 
ent concentration is shown [14] The method of w^^ingle stimuli was 
employed The subject icpoited whethei the taste was pleasant, 
unpleasant, oi mdiffoicnt For '^eak conccntiations aiound 0 5 per 
cent the judgments of indiffeient predominate At 2 pei cent the 
pleasant judgments piedominate, foi concentrations of 4 per cent and 
up the taste is mostly unpleasant Acid solutions «how the same 
piogiessive changes as intensity is increased Ceitain othei sub- 
stances, like sugai, are pleasant nearly all concentrations, wheieas 
othei s, like quinine, aic unpleasant in nearly all but the weakest 
concenti ations 

Such findings are lepiesentative ot most indniduals Nevertheless, 
there aic certain peisons whose judgments of pleasantness and unpleas- 
antness may diveigc fiom that described Wheieas most people dis- 
like strong salt, a few may like it Although most people find sugar 
pleasant in all conceuti ations, some may dislike it In one expeimient 
two subjects yeie found vho had such a dislike loi siigai Then 
judgments foi concentrations above 9 pei cent, which most people like, 
were piedominantly unpleasant Both subjects reported excessive 
indulgence of sweets in then youth Just how such past expenencea 
01 current daily vaiiations m physiological state in response to nutri- 
tional needs may influence the hedonic tone of taste stimuli is not yet 
understood and is a fertile field for furthei investigation 


METHODS OF STUDYING OLFACTION 

As we have seen, independent stimulation of smell oi taste is possible 
only undei certain conditions In olfaction, it is particularly difficult 
to eliminate those extianeous effects due to the common sensitivity of 
the nasal mucosa Such double action occurs with ammonia, which 
has, in addition to its characteristic odor, a stiong, nntatmg effect 
leading to such obvious reflex acts as ciying and sneezing The 
methods by winch these effects have been shown to depend on the 
neive endings of the nasal mucous membrane as well as on the sense 
of smell will bo discussed m the following section 
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In all invc&tigntionfc of olfactoiy sensitivity, seveial geneial piccau- 
tions must be obscived Wheiever possible, puic chemicals aie 
employed to avoid contamination by small amounts of impvuity, which 
aie capable of seveiely alteiing the odoi The cxpeiimental looms 
foi olfactory investigation aie well ventilated, and piecautions against 
the clinging of odorous substances tu lubbei tubing, stoppeia, glass- 
waie, etc , aio taken Stimulation in most cases is achieved by intio- 
ducing the odoious vapoi into the nostiils, either thiough a system of 
tubes inseitcd into the nostnls or by active sniffing on the pait of the 
subject w^hen a flask is brought close to the nostnls The odoi may 
be applied to both nostrils (diihmic) or to one nostiil (inonorhmic), 
01 a cliff eient odoi may be picsentcd to each nostiil sepaiately 
(dichorhimc) 


Methods of Distinguishing Olfaction from the Common Sensitivity 
and Taste 

The diffeience between true Bmoll and the common sensitivity can be 
demonstiated rathei simply by means of a menthol nasal inhalator 
sold commercially foi the lehef of head colds When the inhalator is 
inserted in the nostnls m the usual way, the cool shaip menthol odoi 
IS perceived If the subject now places the inhalatoi to the lips while 
holding the nostnls closed, the ^harjiness and coolness will be felt in 
the mouth The aromatic tiue smell of menthol wall not be expeii- 
enced, how^evei, until the nostnls are opened and the an cui rents of 
nonnal respiration can cany the odor into the nasal passage by way 
of the postenoi nares The contribution of taste to othei odois can 
be investigated similarly with inhalatoi s containing othei substances 

Suigical dissociation of olfaction and the common sensitivity has 
been employed in animal expeiiments [ 3 ] It is possible to remove 
the neive supply to the mucous membrane of the nose by cutting 
certain blanches of the Vth cianial ner\e (trigeminal), so that only 
the sense of smell remains This piepaiation is knowm as an olfactory 
animal In other animals the sense of smell can be removed by cuttmg 
the Ist cranial neive (olfactory), leaving only the common sensitivity 
in a so-called trigeminal animal The msufflation of ammonia or other 
irritants leads to marked changes m lespiiation and blood pressure in 
both types, as well as in the noimal animal Both olfaction and 
the comiiaon sensitivity therefore aie stimulated by such mitants. 
Animals bo prepared have been employed m other experiments on 
olfaction 

The method of locahzation, an mdmect method foi use in man, 
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assumes that only those stimuli ^\luch activate the common sensitivity 
can be localized in the light oi left nostiil \\hen monoihinal stimulation 
18 employed Puie olfactoiy stimulants cannot be so localized [40] 
Anothei indiiect method, that of stieam injection [13], defines puie 
olfactoiy stimulants as those which do not lead to pain oi ciying when 
a stieam of the odorous vapoi is continuously injected into the nostiils 
at a known late of flow Dming such tests the subject breathes 
thiough the mouth Veiy few odois ha\e been found that do not lead 
to pain Even many of the stimuli classed as pme olfactoiy stimu- 
lants by the method of localization have been found to pioduce pain 
undei these conditions Clinical experience with this test suggests 
that certain brain tumois may impaii tiuc olfaction with little effect 
on the common sensitivity 


Methods of Studying Olfactory Qualities and Their Discrimination 

Early classifications of odois w^erc based in pait on the literature 
of the peifurae industiy and to some extent on appaient lesemb lances 
and lelations among groups of odois os 
expeiienccd by casual obseiveis The 
woik of Henning [21] is noteworthy as 
an attempt to denve a classification 
based on the description of odors by 
both trained and untiamed obseiveis 
and on the aeiial arrangements of odors 
when a number of scents were presented 
to the subject for such arrangement 
Ovei 400 scents were employed m these 
expeuments They were contained m 
wude-mouthed, stoppeied bottles which 
could be held upder the subject’s nos- 
trils for dirhimo stimulation 

The schema shown in Fig 10 was devised to show the interrelations 
among the various odor qualities as indicated by these expeuments 
This IS the odor prism, of which only the sui faces represent the 
psychological dimensions No odor qualities are repiesented m the 
interior Odors along an edge lesemble the comers bounding that 
edge, the odors on the surface lesemble all corneis m propoifeion to 
the distance from the point to each of the comers Other workers 
attempting to validate this schema have obtained vauablc lesults [11, 
16, 30] All agree that the piecision of representation on this figure 
does not compare with that foi the color double pyramid See Fig 27, 
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Fig 10 Odor prism (After 
Henning [21 ] ) 



page 208 On the other hand, the odor pnsm innic oi less lepiesents 
the lelations existing in the manifold of odoi sensations Moie 
recently, other woikeis [9] haA'^e i educed these six salient qualities to 
foiu — fiagiant, acid, burnt, and eaprylic oi goaty — m developing a 
noinenclatiiie foi practical woik 

The method of diffeicntial exhaustion should be mentioned for 
completeness, although it has not yet been successfully applied to the 
analysis of the fundamental olfactoiy qualities [29] This method 
depends on the fact that olfactoiy fatigue is often selective Fatiguing 
the sense of smell by ammonium sulfide reduces the sensitivity to 
hydiogen. sulfide, hvdiochloiio acid, and bromine, whereas the sensi- 
tivity to ethenal oils is unaficcted The conclusion seems warranted 
that all of the fiist gioup of substances act on the same sense oigans, 
whcieas the ethenal oils stimulate a diffeient gioup of leceptors Such 
gioupings might serve as the basis foi a classification of odors 

The coil elation between the stimulus foi smell and the quality of 
the odor is difficiilt to e^^tablish, laigely because the exact natuie of the 
adequate stimulus is unknown In many cases the aiomatic fraction 
of natmally occuiimg ocloiou^ objects has been isolated and identified 
Tho odor of roses, for example, is due in gicat measure to geroniol, yet 
the odoi of the natinal plant extract can be matched only if a small 
amount of the genuine extiact is added to synthetic geroniol [36] 
Of the chemical elements, only the halogens — bromine, iodine, fluorine, 
and chloiine — appeal to be odoioua The gieat majority of odorous 
substances are oiganic compounds, i e , compounds containing carbon 

The electrophysiological technique has pioved leas effective for 
investigations of oJlaction than foi taste So fai, the electiical activity 
in the olfactoiy bulb, olfactoiy tiact, and other paits of the brain has 
been lecouled [2, 6] All these stiuotmes arc one or moie synapses 
removed fiom the pnmaiy sense cells The latter aie vutually 
inaccessible, since the fine nerve filaments leading from the olfactoiy 
epithelium pass through pcifoiations in the floor of the cranium to 
entei the olfactoiy bulb of the biam diiectly 

The eailiest studies on the olfactoiy sensitivity of animals were 
based simply on observations of then gencial behavior when confionteci 
with olfactory’* stimuli Numerous incidental observations on olfaction 
ha\e been made in connection with studies of maze leaining, food selec- 
tion, and mating behavior Foi the white lat the standard discrimi- 
nation box of the Watson-Yerkes type, modified to permit olfactory 
stimulation, has not proved veiy successful [27] More success has 
been obtained with a technique m which the animal can reach a food 
box by digging through one of two tunnels filled with scented Avood 
ahavmga One of the scents is the cue for the open tunnel On suc- 
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cessive trials the odor stimuli aie alternated from one side to the othei 
in chance order Discnmination between butyric acid and a dis- 
infectant, tiail ecent^ and gasoline, anise and a disinfectant, and male 
and female odoris was established [41] Anothei method iias employed 
lecently, in which the stimulus containeis weie fashioned fiom thiee 
small blocks of wood, each containing a smallei well piovided with 
glass contamei at the bottom and coveied witli a peifoiated sliding 
metal co\er, W'hich the lats could pull open [28] The blocks weie 
impiegnated with paiaffin so that they could be washed and re coated 
to remove odois One block was placed m each of the tliree corners 
of a square cage, and the lat w^as admitted at the foui th cornoi Milk- 
soaked bread w^as placed in one w^ell, and cotton with a few diops of 
oil of wmteigieeu w^as placed m the others The position of the blocks 
was varied in random oidci duiing the trials Any attempt by the 
lat to open tlie cover of a w'ell not containing food was counted as an 
eiror The discrimination betw^een milk-soaked bicad and oil of wun- 
teigieen established in this situation was lost when the olfactoiy bulbs 
weie removed 

Conditioned leflex methods weie eaily applied to the determination 
of the olfactory sensitiMty of the dog [36] In a recent study leg 
withdiawal to electuc shock was conditioned to the presentation of 
an odoious vapor 7 seconds before the shock [4] Stimuli weie pre- 
sented in wide-mouthcd bottles held befoie the animaVs nostrils 
Bottles containing no odoi were presented pciiodically as a control 
In some cases the stimuli w^ere dehveied by means of a system of tubes 
opening close to the animal’s snout Tins pioved less convenient 
because of the time between trials required to free the loom of the 
odor Noimal, olfactory, and tngemmal dogs could be conditioned 
in 16 to 25 trials Certain substances, such as cloves, lavender, anise, 
and asafetida, gave rise to conditioned leflexes only in the olfactoiy 
animal Camphoi, butyuc acid, ether, and chloiofoim could be 
conditioned m both olfactoiy and trigeminal animals 


Methods of Studying Sensitivity 

Absolute threshold values m man aie fiequently stated m terms of 
the minimal concentration, i o , milligiams pei liter of an, that can be 
detected Starting with a given weight of odorous mateiial evaporated 
in a container of known volume, the subject sniffs at the mouth of a 
senes of flasks of increasing dilution until he is no longei able to detect 
the odor Foi ethyl alcohol the thieshold figure is 200 milligiams per 

^ A oojnniercial paste supposed to attract auioials to a trap 
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liter, foi muslv vanillan oi skatol the figure may be as low as 0 001 
milligiam per litei The actual quantity acting as the stimulus will 
be some fi action of this figure, since only a poition of the in&piied an 
1 caches the olfactoiy leceptor [10] 

Othei moie elaboiate ways of conti oiling the stiength of odoi have 
been employed In one appaiatus [6] a senes of flow ineteis indicated 
the latc at viiich puie an bubbled through a chambei containing the 
odoious mateiial From the weight lost by the material aftei known 
volumes of aii had passed ovei it, the concentration could be calcu- 
lated This couccntiation could be diluted by mixture with air in 
vaiying piopoitions, as indicated by anotliei system of flow meteis 
The stimulus mixtuie was led to a funnel placed over the subject^s 
nostiils Artificial musk could be detected with this appaiatus m 
concentiations as low as 0 00004 milligi’am per liter of air 
Tliieshold values stated in lelative teims have pioved useful for 
measures of the lowei threshold in different individuals, foi measures 
of diffeiential sensitivity, foi measures of changes m sensitivity m the 
same individualB as a lesult of aclajitafcion oi othei factors, foi studies 
of the interaction oi ncutialization of odors, and foi studies of the 
lelativQ stimulating efficiency of diffeient substances One simple 
proceduie is to deteimine the gieatest distance from the blindfolded 
subject at which the odoi of an opened odor bottle can be detected 
The more sensitive subject will detect the odor at a greatei distance 

A more quantitative pioceduie makes 
use of the olfaotometei devised by 
Zwaai demaker [43] The essential 
feature of this mstiument is an odor 
tube of glass which can be slipped in- 
side a laiger rubber tube or hollow 
kaolin oyhndei irapiegnated with odor- 
beanng mateiial, as m Fig 11 The 
outer kaohn cylinder is encased with 
glass 01 otherwise sealed from the 
atmosphere of the room When the 
glass tube is pushed all the way thiough 
the odor tube, no odorous material is 
impttited to the air stream being drawn 
through the tube As the glass tube is pulled out to expose more and 
more odor-bearing surface, the concentration of the odoious material 
in the air stieam is said to increase proportionately to the extent of the 
surface exposed ® One end of the glass tube is curved upwaid, so that 
0 The atouracy of this aasumption haa boon questioned by certain oxpenmenters 



Fig 1 1 Olfactometer (After 
Zwaardemaker [43],) 



it can be inserted into the nostrils The flow of an thiough the olfac- 
tometei is conti oiled by the subject’s in^ipiration All paits of the 
apparatus except the nasal tip are concealed by a scieen Sensitivity 
IB measured in terms of the olfactie, the length of the odor-beanng 
suiface exposed to the current of an aa measuied in centimeteis Stimu- 
lation may be monorhinic, dirhmic, or, with the double olfactometei, 
consisting of two odoious cylindeis leading separately to each nostril, 
dichoihinic It is by the use of the double olfactometei that the inter- 
action and neutialization of odors have been most extensively studied 
Various modifications of this or similar principles have been developed 
for practical purposes [15] 

In most of the piocedures so far discussed, the subject draws the 
odoious vapor into the nostrils by inspnation Vanationa in the force 
and rate of inspnation might influence 
the values obtained These factors 
have been contiolled m a lecently de- 
veloped procedure, the blast injection 
method, in which the odoi is forcefully 
injected into the subject’s nostnls [12] 

The odorous material is contained m a 
600-cubic-centimeter bottle closed by a 
stopper except foi an inlet and outlet 
tube The inlet is connected to a hypo- 
denmo syiinge, the outlet, to a double 
or single nasal tip by means of a rubber 
tube that is noimally closed by a strong 
pinch clip (see Fig 12) Thepiessme 
in the bottle is raised by injecting a few 
cubic centimeters of an into the bottle 
with the syringe If the nosepiece is 12 Blast Iniection method 

then inserted into the nostrils and the (After Elsberg [12]d 

pinch clip suddenly released, a volume 

of odorous gas equal to that introduced mto the bottle is injected into 
the nostrils Thresholds are stated in terms of the mirnbei of cubic 
centimeters that must be mjected before the olfactoiy sensation occurs 
or the substance is coneotly identified From an analysis oi the pres- 
sure-volume relations it appears that the pressure of the injection, and 
not the amount of vapor mjected, is directly i elated to stimulation [25] 
Approximately the same injection pressure is required over a wide 
range of volumes when bottles of different volumes aie employed as 
the odor containei The exact significance of this fact in terms of 
the process of stimulation is not clear Further investigation of this 
point 18 needed 
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CONCLUSION 


The ritucleiU will have noted that the analytical and quantitative 
appioach to the study of taste and smell has been emphasized To be 
sure, oui daily expeiiences with these senses is larcly analytical in 
charactei Oui selection and enjoyment of food is based on flavor, the 
composite of taste, smell, and the common sensitivity Yet the con- 
tribution of eacli to the com])osite3 must be Imown if we aie to under- 
stand how the complex expeiience comes about The piofeasional tea 
01 wine taster distinguNlies between the nose and the tongue in making 
his tests He fiist smells and then tastes the sample undei investiga- 
tion accoidmg to a schedule that will avoid adaptation and fatigue 
eficcts A lecent volume on flavor wuitten foi the food industry says, 
^^Sensation analysis , considered first from a theoietical and then 
a practical standpoint, provides a unifying basis for a mass of otherwise 
heterogeneous matter^^ [9] 

We have seen that tbeie aie at least two majoi difficulties in the 
study of taste and smell The first is laigely instiumental, losulting 
fiom the difficulty of piosenting the chemical stimulua in a convenient 
and highly controlled way Although vanous applicators and injectois 
have been developed, these do not appioach the accmacy of control 
which IS attainable wuth Msual and auditoiy stimulation 

Even more fundamental is oui lack of knowledge of the true stimulus 
foi taste and foi smell The stimulus property that makes sugai and 
all other sweet-taatmg substances sweet has not yet been deteimmed 
Theie is no logical unification of the many lelations betw^een chemical 
constitution and taste and smell It is for this leason^ peihaps, as 
much as any other, that the expenmental study of taste and smell has 
been retaidecU 
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Chapter 11 


Studying Proprioception 
W. D. 


We maintain an upright posture, we alter this posture and move 
about in a coordinated manner, and we are aware of our postural atti- 
tudes and of our movement^ Our ability to make these postural and 
locomotoi adjustments and oui nwaiene^ of what we do are dependent 
upon the actnity of several of oui sensoiy systems, piincipally, vision, 
touch, and f)op)ioce'piion Of these thiee, propiioception is of 
primary importance 

The proprioceptive system is made up of two major parts (a) the 
kinesthetic diviw)nj which includes end organs or 'pi opriocapto) s in the 
muscles and tendons, the peiipheral neives which connect the piopno- 
ceptois with the central neivous system, and the related neive tracts 
and centeis in the central neivous system, and (b) the vestibulai 
divmonf which includes the proprioceptors m the non-auditoiy pait 
of the innei ear and the associated neural structuies 

In reviewing methods of studying propiioception it is important to 
bear m mind that activity of the propiioceptive system, unlike that 
of the other sensoiy systems, is chaiactenzed by a lack of conscious 
experience Postural and locomotor adjustments are eairied out to a 
large extent on a reflex level We shall find, therefore, that methods 
involving diBCiimmatoiy lesponses, e g , psychophysical methods, will 
not be of such fundamental impoitance as they are in studying vision, 
hearing, or any of the other senses Instead, we shall see that most 
of our piesent knowledge about proprioception has come fiom expeii- 
ments in which the activity of end organs oi connecting neivous 
structuies was examined directly oi fiom experiments in which the 
reflex lesponsea of individual muscles oi muscle groups were carefully 
lecorded and analyzed 

I Assistant Professor of Payohology, University of Chicago 
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METHODS USED IN STUDYING KINESTHESIS 


Anatomical Methods 

The piopiioceptors, which aie stimulated by the activity of the 
muscles of the body, weie discovered by the anatomists of the 
eighteenth and ruueteenth ceutuues thiough histological techniques 
Thiee main kinds of icccptors weie isolated and desciibed (1) encap- 
sulated neivc endings (Pacinian coipiiscles), located in the sheaths of 
muscles and tendons, (2) muscle ^spindles, which he within voluntaiy 
muscles and end upon indnidual muscle fibeis,^ ^nd (3) Golgi tendon 
oigans, which aie found at the jimctuie of muscle fibeis and tendons 
See Fig 1 Flee nerve endings may also be stimulated by musculai 
movement and thus iseue a kinesthetic function It is usually sug- 
gested, howevei, tliat these endings mediate pain 

Discovery of histological stiuctuies which, because of then location 
m or neai muscles oi tendons and then connection with neiwe endings, 
appealed to be the sensoiy end oigans stimulated by movement of 
the muscles was sugge<^tive, but additional evidence was needed to 
establish the tiue nature of those lecoptoi-hke stnictuies 

Shenington [29] showed that the muscle spindles weie supplied by 
sensoiy nerve fibeis By cutting tlie uiotoi loots of penpheial spinal 
neives of experimental animals, ho caused all motoi fiben to a given 
muscle of the lower limb to dcgeneiatc He then examined the muscle 
spindles and then neivous connections undei the micioscope and found 
that eveiy spindle still was supplied by sound, undegenerated nerve 
fibeis These fibers could ha\c como only fiom the doi'sal spinal 
loots, which aie the paths for sensoiy fibeis enteiing the coid Simi- 
lar techniques were used to show that the Golgi tendon oigans and 
Paciman corpuscles aie mnervated by sensory neivc fibeis 

The anatomical studies which have been desciibed piovided no 
dnect evidence of the functioii of the piopiioceptive system, however, 
they did provide evidence upon which ghiewd infeiencee could be 
based, and they paved the way for studies using methods by which 
the function of tlie kinesthetic system could be diiectly examined 


Selective Ablation 

In any dynamic system where many parts act together, infoimation 
concerning the function of a part oi of the whole minus that part can 

3 Two types of niueole epindle endmga have been described, ^^annulospirah^ 
and '^flower spray” [ 14, p 8] 
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Fig 1 Denny-Brown's dlcrgram Illustrating the sensory and mofor Innerva- 
tion of a group of 23 mammalian muscle fibers 

The molor Innervahor; from 4 flborjt o, o, q, oj fho nvosdft U mo do up of 3 HrofvwoV 

flborf/ eoch or» Inrmrvatod by broiKhoi of motor nervo flbon o, a, a, a Tho spindto ha* one larfle 
annofojptrol ending, b, ond a ilngle flower spray ending connected ¥4th the nervous system by a 
fiber of relativoly small diameter, d There Is a single Golgi tendon organ, g, and a sympathetic 
plexi/i, ip, accompanied by a small myelinated pain fiber, c, from the blood vessel, e, (Horn Fulton 
[ courtesy of the Oxford University Pres* ) 
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be obtained by deploying the pait and <stiidvmg the activity of the 
lemnmder Classic examples of the use of selective ablation may he 
found in expermients of Sheiimgton, Magnus, Fulton, and thoir 
cowoikers ^ Then investigations, although concerned chiefly with 
analysis of the postural and locomotoi reflexes, produced a majoi 
poition of the knowledge which we now possess of the kmesthetic 
system 

To illustrate how the selective-ablation technique is used, we may 
descii'be briefly an expeiiment by Pi-Simei and Fulton [26] These 
investigators weie interested in the icflex cooidmation of the move- 
ments of the fiont and hmd limbs in quadiipedal locomotion In 
Older to study one aspect of the pioblein, i e , how impulses set up in 
the propiioceptors'of hind-limb muscles affect the postuie of the foie 
limbs, they limited the fimctional parts of the system undei examina- 
tion as follows 

1 Voluntaiy eontiol of limb movement was eliminated by decere- 
brating^ the expeiimental animals (cats) 

2 Reflexes initiated by cutaneous stimulation woie ruled out by 
cutting the appiopiiate sensoiy ncives 

3 The exact mannei of stimulation of mcbvidual muscles or muscle 
gioups in the hind limbs was bi ought under control by clestioymg the 
nerve supply to the other muscles and by dissecting out those to be 
stimulated Some muscles were detached fiom their tendons, and 
stimulation was applied aitificially 

It was found that, when certain piopiioceptors in the quadriceps 
muscles of one hind limb ^eie stimulated in a mannei similar to that 
which occurs during flexion of the knee joint, leflex i espouses occur in 
the other thiee hmbs, so that the fore limb of the opposite side is 
flexed and the foie limb of the same side and the opposite hind limb 
are extended This reflex pattern is at once suggestive of movements 
which occur ditring locomotion in the quadiiped By a number of 
experiments such as this one it has been shown that the senes of 
piogiessive movements which constitute locomotion are in large pait 
dependent upon leflex responses set off by stimulation of muscle 
propnoceptois 

Electrical Stimulation and Recording 

Kinesthetic receptors and then nervous connections were discovered 
by anatomical methods, individual leflex aics and integrated patterns 

^Suramauoa of these exporiments may be found m 14, pp 51-179, and 10 

deceiebiate animal js one in which the brain stem has been transected, 
usually at a level between the vestibular nuclei and the supenoi colhouh 
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of reflexes were found and carefully examined by means of selective 
ablation Exact analysis of the function of individual paits of the 
system, e g , isolated receptor units, had to await the invention of 
suitable methods of stimulating and lecoiding action Development 
of such methods has closely paialleled the development of electronic 
insti uments 

An outstanding example of the application of the electrical lecoiding 
method in the study of piopiioceptiou is the expeiiment in ^\hlch 
Matthews [22] distinguished four kinds of receptois conesponding 
to the four kinds of endings which had formerly been desciibed by 
the anatomists Matthews isolated a muscle and its sensory nerve 
in the limb of a cat and then, under the dissecting microscope, used 
sharpened needles to divide the neive into separate bundles of fibers 
and to destroy these bundles one by one Altei each bundle had been 
cut, electiodes weie placed on the nerve ccntial to the lesion, so that the 
point at which the fibers were cut was betw^cen the electrodes and the 
muscle, the muscle was then sti etched, and the electiical response of 
the intact nerve fibeis lecoided This pioceduie, namely, redividing 
the nerve and sectioning successive bundles, w^as repeated until stietch- 
mg of the muscle gave use to a single rhythmic dischaige in the fibeia 
lemaimng uncut The response thus finally obtained was from a 
single kinesthetic receptoi in the muscle By var^ung the nature of 
the stimulating conditions and caiefully analyzing the electrically 
recoided responses, Matthews was able to show that difterent kinds 
of propnoceptois in the muscles and tendous may be distinguished, not 
only on anatomical but also on functional grounds 


Clinical Methods 

Results of histological, ablation, and electrical studies on experi- 
mental animals have been coiroborated by clinical studies of man 
The disturbances of movement in locomotor ataxia w^eie desciibed 
as eaily as 1861 [26] and were later shown to be due to degeneration 
of doiaal spinal roots and nerve tracts m the doi'sal part of the spinal 
cord Latei clinicians, on the basis of postmortem examination of 
the central nervous system and penpheial neive endings m the muscles 
of tabes doi sails patients, lepoited atrophy of the kauesthetic end 
organs and the seusoiy fibeis innervating them 

Innumerable studies of the symptoms resulting from lesions of the 
spinal cord mman have been made The classical syndiome resulting 
fiom lateral hemisection of the spinal coid at the ceivical level was 
first described by Biown-Sdquaid on the basis of hi-s obser\ation8 of 
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patients ^Mth spinal lesions The Biu\\n’-S6qaaid syndiome consists 
of homolateial loss of voluntaiy movement and kinesthesis and contia- 
lateial loss of theimal, piessuie, and pam sensibility caudal to the 
lesion The clinical studies have been of value both m tracing the 
central kinesthetic pathways and in claiifymg the role of kmesthesis 
in leflex activity 


Psychophysical Methods 

Since the time of Fechnei there have been countless experiments 
on the disci imination of lifted weights Although the judgments 
lequiied aie based pnncipally upon kinesthetic cues, these weight- 
disci imination studies have contributed fai moie to the devolopmont 
of psychoiibysical methodology than to an undei standing of the 
kinesthetic system The exception to this gcneiahzation is a series of 
investigations conducted lecently in which the effect of coitical lesions 
on discrimination of lifted weights was studied [27, 28] To sum- 
maiize the results of these studies briefly, it was found that paitial 
destiuctiun of the parietal lobes pioduces only tiansienfc defect in 
ability to disci nninate lifted veight'^, total dcNtiuction, a poimanent 
defect Compaiison of monkey, chimpanzee, and man indicates an 
inoiease in corticalization ol the function in question as the pliylo- 
genetic scale is ascended 


METHODS USED IN STUDYING VESTIBUUR FUNOIONS 

Foi many thousands of yeais man must have known that experi- 
ences such as loss of equihbiium, dizziness, and nausea aie aroused 
when the body is subjected to ceitain kinds of motion, such as the 
pendulum- like movements of a swing, the undulations of a boat, or the 
gyrations of the dance Nevertheless, he did not discovei until 1824 
that the inner ear contains specialized rcceptois which aie stimulated 
by the position or movement of the head At that time Fluorens 
showed, in a senes of expeiiments on birds and rabbits, that destruc- 
tion of tlie seinicncular canals pioduces seveie defects in the ability 
of the exjieiimental animal to maintam equihbiium and to make 
coordinated movements Later oxperiraenteis coiroborated Fluorens^ 
results, and dm mg the next 100 yoais moie than 1600 reports of 
studies on the vestibular system were published [16] 

It 18 obviously impossible to give even a brief description of all the 
methods employed in these studies We shall, therefoie, gioup the 
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F)g, 3, A laferal view of the right labyrinth. 














Fig* 4. (A) Cross-section of ampullar crista (After Kolmer ) (B) Macula In 

three-dimensional cross-socHon, (After Kolmen) 


methods unclei three main bendings — 7)iethods of stimulation, ^nethods 
of lecoidiTig and analyzing responses, and ablation inethods — and we 
shall give lepiesentative examples of each class Fust, howevei, the 
structuie of the vestibulai receptoi^ and the probable functions of 
the individual parts should be biiefly mentioned 


Structure and Function of the Vestibular Receptors 

The vestibulai® portion of the inner ear labyiinth includes the flemi- 
circiilai canals, the utiicle, and the saccule, the remaining pait, the 
cochlea, contains the receptois for hearing The vestibular receptor 
cells are found in the ampullar cristae of the canals and in the 
maculae or otolith organs of the utricle and saccule. See Figs. 2, 3, 
and 4 

The most generally accepted view at the piesent time is that the 
ciistae of the semicirculai canals are the chief leceptom for rotary 
movement, the eftective stimulus being angiilai acceleration or decel- 
eration Continued rotation at constant velocity ceases to be effective 
The utuculai maculae aie the piimaiy leceptois foi position of the 

^ Tho veatibulo of the labyrinth is the cavity containing the utnclo and sacculo 
By common usage, however, the vestibulai part of tho inner eai has come to 
mean not only the utiicle and saccule, but also the semicirculai canals which 
open directly into the vestibule Likewise the vestibulai part of the 8th cranial 
nerve includes the fibers innervating the saccule, utncle, and semioiroular canals, 
1 6 , the non-auditory fibers 
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head and may also be the moat important leceptois for rectilineal 
acceleiation and deceleiation, although the lelative loles of the semi- 
ciiculai canals and the iitncle m rectilineal motion ha\e yet to be 
definitely established Fuithermoic, theie is evidence that the semi- 
ciioulai canals may play a secondaiy role m static stimulation and 
that the iitiiclc may be stimulated by maikecl angulai acceleiation ® 
The function of the saccular maculae is uncertain If they serve as 
pi opnoceptom, then pait is apparently a minor one, since no obvious 
defect occuis as a lesult of their destruction They have been sug- 
gested as leceptois for Mbiation and foi sounds (especially low fre- 
quencies), but experimental evidence in support of these suggestions 
IS lacking 


Methods of Stimulation 

Position The problem of stimulating the receptois foi position 
of the head is simple, the head is merely held fixed in various positions 
Avoidance of stimulation of othei leceptois is not so simple Time 
must elapse after any change in position in oidei that stimulation due 
to motion will have ceased Caie must also be taken to eliminate 
stimulation of muscle proprioceptoia, because the leflox responses 
aioused by labyrinth position aie also affected by the othci piopiiocep- 
tois, especially those in the neck, which give rise to leflex responses of 
limb and tiTink muscles Visual and cutaneous stimulation must like- 
wise be avoided Several techniques have been devised to eliminate 
stimulation of these other receptois Plastei casts enclosing the 
shouldeis, neck, and head are sometimes used to keep the relative 
position of head, neck, and body constant Tilt boaids and other 
meclianical devices make possible accuiate contiol of the subjects 
position and minimize the stimulation of receptors other than those 
being investigated Visual stimulation can be eliminated by blind- 
folding or, in expeiimental animals, by destioying the eyes In some 

c One of the tasks which early experimenters set for themselves was to discovei 
the function of each sopaiate part of the \estibular end organ Looking back, 
we are bettei able to appieciate the difficulty of their problem and to undei’stand 
the controversies which often resulted It seems cleai, when we sum up all tlie 
evidence, that one part of the sj^stem may be the priinnrv receptoi for a particular 
kind of stimulation (eg, the horizontal canals for rotation in their plane), but 
the same receptor oi set of receptors may also supplement the function of other 
parts for other kinds of stimuh and may be supplemented by other parts m turn 
(e g , the horizontal canals may be stimulated by rotation m other planes or by 
linear acceleiation, and the utnoles may be stimulated by lapid rotation m the 
honzontal plane) 
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expel iments neive impulses aiismg m propnoceptors othei than those 
of the labyrinth have been excluded by appiopnate lesions in the 
neivous system 

Rotation The methods of lotation which have been devised 
vaiy in complexity fiom simply mstiucting the human subject to whul 
aiound rapidly a number of times to elaborate appaiatus designed to 
regulate accuiately rate of angulai accelei ation, velocity, and plane of 
lotation For most expeiimental purposes the rotatoi must possess 
seveial additional featuies Smoothness m staitmg and stopping as 
often a requisite In experiments whcie the subject is lequiied to 
make discnminatoiy responses to vcstibulai cues, all othei cues — 
visual, auditoiy, tactual, and kinesthetic — must be eliminated The 
noise of the motoi oi oUier driving mechanism is usually kept constant 
undei all conditions of opeiation thiough the use of suitable clutch and 
brake devices Conti ol of othei extianeous cues is obtained both by 
design of the lotator and aiiangement of the expeiimental situation 

The B6iany chan, which has been widely used for clinical testing, 
is simply a straight-back chair mounted on a lotating platfoim in 
somewhat the same mannei as a baibei’s chan A headiest is pro- 
vided to keep the head position fixed The typical piocedure is to 
lot ate the subject 10 times m 20 seconds. Because the chair is 
usually lotated by hand, control of acceleration and late of lotation 
IS only appioximate 

Foi moie accurate expeiimental woik many elaboiate devices have 
been constiucted for lotating both expeiimental animals and human 
subjects Dunlap [9] designed a lotator with which smooth, constant 
acceleiation and deceleiation and a constant maximum speed may be 
obtained See Fig 6 The late of acceleiation and deceleiation and 
the speed of lotation aie measuied on a kymogiaph record 

Dodge earned on a senes of careful expeiiments on thiesholds of 
lotation, habituation to rotation, and the effect of rotation on eye 
movements [4, 6, 6] In the coiuse of these expeiiments he developed 
a rotator with which lie was able to contiol and measuie angulai 
displacement (le, number of degrees of rotation), angulai accelera- 
tion, and angular velocity. See Fig 6 

Foi the purpose of testing the susceptibility of military peisonnel 
to motion sickness, several mvestigatois have lecently designed modi- 
fied versions of the Bdidny chau Modification has been in the 
direction of simulating the foi ms of motion encountered m flying or 
on ships A ohaii designed by Tiavis [38] is operated from a multiple 
harmonic cam, which is diiven at a constant rate by an electiic motor 
The cam pattern is such that during one revolution of the chair seven 
different rates of acceleration and one period of rest aie produced, 
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A somewhat difteient appaiatus usefl m cxpciimenU by Spiegel [33] 
IS constiucted so that duiing each lotation the head is tilted eithei 
foi^ard 01 to the side, thus producing continuous stimulation of the 
vestibular receptors even when rate of rotation is constant 



Fig 5 The Dunlap rotator 

Th« motor drivoi the Horizontal ihoft (S), which carrla* fho f1ywh«oU (C) ond (CO ftotaHon 
of tho $haft (B) drivet tho worm>wh*«l (D), whkh ft attached to the gang of magnoti {£) When 
electric current fi applied to the magnoli (E), they act as a clutch ond “pick up” the Iron disk armature 
(E), which Is attached to tho vortical shaft (G) Tho vertlcol shaft U thereby set Into motion The 
amount of “slip” of the clutch Is determined by the load and by the amperage of current applied 
to the mognets Acceleration moy thus be controlled To stop the rotation of the vertlcol shaft, the 
current to the clutch mognets {E) U Interrupted, and current Is applied to the set of magnets (H) 
which are firmly fastened to the framework of the apparofus Magnets (H), therefore, oct as a 
brake, the rate of deceleration depending upon the current applied A chair or plotform may be 
boiled to the platform (I) (After Dunlap [9] ) 


Linear motion, like angular, may be readily obtained through the 
subjeot^s own movements, eg, walking, running, falling, or rising 
For experimental purposes, however, appaiatus is required which 
makes possible contiol of velocity, acceleration, and the diiection of 
movement \nth i elation to the axes of the head Elimination of non- 
vestibular cues is, of course, a factoi in many experiments 
One of the simplest methods of obtaining approximately linear 
acceleiation which can be accurately measured is by use of a swing, 
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because a swing behaves accoi cling to the pimciples of motion govern- 
ing a simple pendulum The saving techniciue was ^\Klcly used during 
Woild Wai II in experiments on motion sickness A typical anange- 
ment consists of a carnage suspended so that the distance fiom the 
overhead bai to the s\Mng seat is about 14 feet To insiue stimula- 
tion of the same receptors in all subjects, an exact position of the head 


To From 

camera light 



Fig 6 Dodge-Wandt rotator and eye-movement recording apparatus 

Th« plarform (A) and tho oqulpmenl which It carrlei ore mounted on an automobile whoel (B) and 
rotate on the bearing of the wheei The platform may be levelled by meant of the adjutlable base 
(C) The rotator h driven by the electric fan (D) A broke applied to the rim of the wheel (B) 
controb itartlng and itopping When the apparatui It used for animal expartmenli, the animal h 
restrained In the box (£) and lit head held fixed by a head-holder A photokymogroph {F) may 
be mounted on the platform and the onlmars eye movemenh recorded by directing a beam of light 
from (G) onto the concave mirror which rests on the doted eyelid, at thown In tho Intert at tho upper 
right The fight refledt back to a vertical silt at {H) and produces a line upon the moving film of tho 
photokymograph Head movementi may alto be recorded by meant of a light beam direded upon 
a concave mirror attached to the head at (f) Eledrka 1 circuits ore led to the platform through the 
slip ring contodt at (J) (See reference [39] ) 


IS obtained through the use of a headrest In experiments using this 
apparatus subjects were swung through an arc of 160 degiees for a 
period of 20 minutes or until vomiting oceuired [17] 

A “wave-machine,” so named because it was designed to simulate 
the wave-hke linear motion of boats and planes, has also been used 
in experiments on motion sickness [1] This machine consists of a 
closed cab set m a vertical shaft so that it may be raised and lowered 
by liydraulio pressure Linear motion in the vertical diieetion is 
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produced by this ele\atoi-hke appaiatus Accelciation, velocity, and 
amplitude of mo\ement can be exactly controlled and measuied 
In ^ii\l othei wai leseaiche^ expeiiraenteis have pioduced vesUbulai 
stimulation by movements of a Link tiamei,^ by maneuvers of a real 
plane in flight, and by rotation on a human centiifuge [20, 3, 15] 
The motion to which aubjects wcie subjected in these experiments often 
possessed both angulai and linear acceleiatoiy components 
Caloric stimulation The vestibulai leceptois may be stimu- 
lated by the injection of, hot oi cold water into the external audiioiy 
canal Appaiontly tempeiature changes set up convection currents in 
the endolymph, the fluid which fills the membianous labyimth, and 
these cuiients stimulate the leceptor cells By means of the calonc- 
stimulation technique the labyniith of each ear can be separately 
stimulated With the head in the noi mal upi ight position, the vertical 
canals aic affected by caloric stimulation The horizontal canals may 
be stimulated by tilting the head backward thi ough 80 degrees Injec- 
tion of cold watci (about 68 degrees Fahrenheit) pioduces eye nystag- 
mus with the quick phase tonard the side opposite that stimulated 
Injection ol hot water (about 112 degrees Faluenheit) pioduces 
nystagmus with tlie quick phase toward the stimulated side 

Several methods of pioducing calonc etimulalion have been used 
Early investigators syringed the eai or allowed watei to fl.ow into it 
through a tube connected ^ith a containei suspended above the sub- 
ject's head Large doses of water (100 to 1000 cubic centimeters) at 
eithei veiy high or very low tempeiatmes weie used It has smee 
been found that a few cubic centiiueteis of watei at temperatuies only 
slightly above or below body teinperatuie provide effective stimula- 
tion When these veiy small quantities aio used, moie care must be 
taken to insure propei injection A syimge with a blunt needle is 
usually used, and the stream of water is diiected against the posterior 
superior wall of the exteinal auditory canal 
The caloiic method of stimulation has been used mainly for 
diagnostic pin poses by clmioians Most expenraental studies utilizing 
this method have been concerned with the mechanism wheieby the 
injection ol hot ui cold w^atei into the exteinal auditory meatus excites 
the vestibulai leceptois 

Mechanical stimulation One aim of the many methods that 
have been invented to stimulate the pi opnoceptors of the inner ear has 
been to contiol conditions so that different leceptors can be stimulated 
individually, e g , it is desirable to be able to stimulate the crista of one 

A device modeled after tlie cockpit of a plane and mounted so that it can 
be rotated about its veitical axis and tilted about both the honzoatal and 
longitudinal ^axca 
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honzontal canal oi the otolith oigan of one utncle Ewald [12] 
accomplished this by devising a technique to produce piessuie changes 
in the endolymph of the labyrinths of expeiimental animals He 
dulled a small hole in the ^^aIl of one of the semiciiculai canals and 
over this sealed a metal cylindei i 4 milhmeteis in diametei and 9 
milbmeters in lengtli The cylindoi contained a tapered piston by 
means of which piessure could be applied to the membianous labyrinth 
and the inti ala'byrinthme fluid Using this ^‘pneumatic-hammei/’ 
Ewald was able to stimulate each of the canals individually and to 
study the response made by the animal to both compiession and 
decompiession It was assumed that compression pioduced move- 
ment of the endolymph toward the ampulla (ampullopetal flow), anrl 
decompiession, movement away fiom the ampulla (ampullofugal flow) 
When the iiglit honzontal canal was stimulated, it was found that 
compiession caused tuinmg of the head and eyes to the left, i c , away 
from the side stimulated, decompi e'^sion caused turning to the light oi 
towaid the stimulated side The intensity oi stimulation pioduced 
by Ewald's technique was probably gieatei than any le&ulting from 
natuial stimulation, such ns lotation undei ordinaiy conditions 

In human patients suffcimg fiom otosclei osis, an otological disorder 
accompanied by ankylosis of the stapes® in the oval window and a 
consequent leduction of heaniig, an aitiflcial window (fenestium) is 
sometimes made suigically in the wall of the honzontal seimciiculai 
canal The success of the fcnestiation opeiation dejicnds upon the 
artificial window remaining open, i e , coveied only by a membianous 
flap In many eases it is closed by region th of bone One test to 
discover whethei the window^ has lemained open is to apply pressme 
to it by pressing with the index finger at the appropriate point m the 
external auditoiy canal If the fenestium is still open, nystagmic 
eye movements can be pioduced 

Electeicai^ stimulation Both direct and alternating cunents 
have been used to stimulate the vestibulai receptors of human subjects 
and experimental animals When direct cuuent is employed, a typical 
arrangement in the intact subject is to place the stimulating electiode 
on the mastoid bone and the neutral electrode on some other part of 
the body, such as the muscles of the neck If only one ear is stimu- 

® The stapes la one of the three small bones (ossicles) which oonduot sound 
frofu the ear drum to the cochlea The footplate of the stapes is sealed into tlio 
oval window of the cochlea by onriilagmous tissue, which aUo^73 the stapes to 
rock back and foitli about its heel and tliua tiansmit vibrations to tiio fluids 
within the cochlea In otoacleroaia the normally elastic tissue around the foot- 
plate of the stapes becomes stiff and hard and so anchors the stapes fiimly to the 
edges of the round window It can then no longer transmit effectively to the 
cochlear fluids the vibrations produced by sound waves striking the ear drum 
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lated m this mannei, nystagmic eye uio\ements are pioduced, with 
the fast phase towaid the side of stimulation when the cathode is 
applied to the mastoid and away from the side of stimulation w^hen the 
anode is applied Alternating-cun ent stimulation does not produce 
nystagmus but does give use to lotation of the head away Irom the 
side stimulated 

What pait of the vestibular system is stimulated by electuc cm rent 
has been a point of controversy Some expeiimcnters have suggested 
that the electiic cuirent induces movement of the endolymph, others, 
that it acts upon the sensoiy cells in the ciistae oi maculae, and still 
others, that it acts diiectly upon the fibers of the vestibular nei ve This 
unceitainty conceining the locus of stimulation has limited the useful- 
ness of the method, neveitheless some expenmenteis have attempted 
to analyze the effects of stimulation of individual ampullae or maculae 
by applying electrodes to them and noting the lesultmg leflex 
responses Most of the expeiimental evidence to date supports the 
view that electnoal cm lent applied to tlie walls of the labyrinth acts 
diiectly upon nerve fibers m the vostibulai neivc 


Methods of Recording and Analyzing Responses 

There Rie a numbei of different levels at which w^e may examine the 
response to stimulation of a sensoiy system We may study 

1 The activity of the end oigan oi leceptoi 

2 The activity of the affeient nerve fibers, tracts, or centers 

3 The reflex responses of effectors 

4 The disci immatory responses, which in the human subject will 
usually be veibal lepoits and in low'-ei animals will be oveit learned 
responses, e g , conditioned i espouses 

In expel imcnts on vision, healing, smell, taste, and the cutaneous 
senses, we depend hea\ily upon responses of the fourth type the verbal 
leports of human subjects and the diaciimmatoiy lesponseS of lower 
animals In studying proprioception we usually make use of z espouses 
which fall in one of the first thiee classes This, as we have already 
seen, was tiue in experiments on the kinesthetic system, and it is 
equally tiue in the case of the vestibulai propiioceptive processes 
The human subject can report an aw^areness of position or of move-- 
ment of the head, but to what extent this awareness is the chi^eot result 
of sensoiy impulses initiated in the vestibular receptors and to what 
extent it is the result of sensory impulses aroused m receptors of the 
muscles, viscera, and skin by the leflex responses bi ought about by 
vestibular stimulation is not clearly iindeistood Although the bulk 
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of the experimental data points towaid the impoitance of the sensoiy 
impulses reflexly aiousecl, theie is some evidence for dnect sensoiy 
connections fiom the vestibular receptois to highei neivous centeis 
The existence of such connections suggests, of coiiise, the likelihood 
that pait of oui awaieness of head position oi movement lesults fiom 
the passage of impulses dnectly from the vcstibulai leccptors to 
the brain 

Activity op the bnp organ Fliioiens^ discoveiy that the innei 
eai contains a sense oigan \vhich is stimulated 'by the position oi move- 
ment of the head immediately led to speculation as to what paits of 
the inner eai aie concerned and as to the manner in which the move- 
ment or position is tianslatcd into sensoiy neive impulses The 
anatomy of the mnei ear was aheady known, and it is not suipusing, 
m view of then tnplane structure, that the semicirculai canals weie 
immediately seized upon as the principal icceptois The utiicle and 
saccule weie also suggested by some as additional end oigans, the 
cochlea being excepted as a lule because of its known auditoiy func- 
tion Expeiiments in which ablation techniques were used oi in which 
stimuli wcie applied dpcctly to difteient paits of the labyrinth soon 
showed that the infeieuces based upon knowledge of structure ^vere 
appioximately conect — ^the piopnoceptois ol the inner eai weie to be 
found m the ampullae of tlie canals and in the utiiculai maculae As 
already noted, the function of the aaccuiai maculae has not been 
established 

It was not BO easy, liowevei, to deteimme by expeiiment the natuie 
of the intralabyiinthme events whereby head movement ox position 
causes impulseB to be set up m Uie eighth cianial neive Because of 
the microscopic size of the stiuctures involved and the fact that in 
most animals they are completely encased in bone, dnect obseiTation 
or lecoiding of activity within the labyrinth is almost impossible 
Foi that reason, methods wdnch have been developed to oveicome 
these obstacles are of special inteiest 

Ewald, who is noted for the precise smgical techniques he employed 
m his studies of the vestibulai labyrinth, mtioduced the “budge 
method” in which he exposed a hmited poition of the raembianous 
canal of the pigeon by removing a shoit length of the smioundmg 
bony canal [2, p 43] By mtioducing a minute amount of lampblack 
or othei coloring matter into the ondolymph of the canals, Ewald and 
other mvestigatora using siinilai surgical proceduies woie able to 
observe, under the mioioscope, movements of the endoJymph m the 
exposed paH of the mcmbianous labyxinth 

More recently Steinliausen [34, 36, 36] has developed a technique 
whereby not only endolymph movement but also, moie important, 
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movement of the cvipnla of the ampullar cnsta can be observed 
Usmg the pike^ which has lather laige semicirculai canals the outer 
walls of which are of cartilage rathei than bone, he exposed an ampulla 
and pait of the adjoining canal and injected a minute amount of 
Chinese ink into the endolymph He wa^ then able to obseive and 
photogiaph movements of the cupula during lotaiv, caloric, and 
mechanical stimulation Stemhausen^s studies show tliat, when the 
canals are stimulated, the endolymph exeits pleasure upon the cupula 



Fig, 7. Movement of cupula and endolymph during angular acceleration. 

A Poiftfon of cupula with the conal af r«t A drop of oil ho* been fnjocf*d Into th# canal In order 
to obtain a record of fluid movement B Position of cupula during angular acceleration The fluid 
In the canal has moved toward the ampulla, as indicated by the change In position of the drop of oil, 
and the cupula has been disploced toward the utricle by the fluid movement (After Dohlnnan [8] ) 


and displaces it to one side oi the other of the ampulla See Fig 7 It 
18 apparently thiough this movement of the cupula and the resulting 
distortion of the sensoiy lian cells that the hydiodynamic changes pio- 
duced in the endolymph aie transfoimed into neive impulses The 
mechanism by which defoimation of sensory haii cells stimulates the 
neive endings is not known In his expeiiments Steinhausen was also 
able to show that the movement of the cupula is that of a heavily 
damped elastic Bystem having a natuial peiiod of about 20 seconds 
This finding fits well with observations by many experimenters that 
nystagmus ceases after appioximately 20 seconds of lotation at con- 
stant speed and that the period of postrotaiy nystagmus is of similar 
duiation 

Neural activity Connections of the vestibulai labyunth with 
the central nervous system weie first traced by anatomical methods 
More complete mapping of these connections and analysis of the 
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activity going on in the neivoub paths and contcis iindci yuiioum con- 
ditions of stimulation have been made possible by elcctneal lecoidmg 
techniques 

One of the earliest studies of the electiical response ol the vestibulai 
neivous system was made by Mm\rei [23] With electiodes placed 
on the eighth nerve of the painted teuapiUy ho lecoided action poten- 
tials dm mg and aftci lotation ot the animal on a turntable He 
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Fig, 8 Frequency of nerve impulses in a single nerve fiber from the ampulla 
of the left horizontal canal during stimulation by rotation 

Tha ral« of angular acc«l«rotk)n wai approximafoty 15 degrefti per jecond per second Curve 
A ihowi the frequency of discharge In impulses per second (read from scale at right) Curve B 
gives the degree of angular dliptacement from the resting positon (read from scale at left) Tho 
t>orIzontal fine C Indicates the frequency of discharge with the labyrinth at rest Direction of rota 
rion was toword the side from which tho recording was mode (From Itiwensteln ond Sand [2 1] ) 


leported that the action potentials lasted only a fraction of a second 
after lotation had ceased 

In latei expeiiments Lowenstein and Sand used more icfincd tecli- 
niques to lecoid the impulses m a single nerve fibei fiom the ampulla 
of the horizontal canal of the ray [21] They found a steady flow of 
impulses even when the labyrinth was at icst The fiequcncy of 
impulses increased during angulai acceleiation vhen the dnectiou of 
rotation was toward the side being examined and decicnsed when the 
diiection of rotation was towaid the opposite side Cessation of 
rotation was also reflected in the rate of dischaige, and during lotation 
at a constant speed a steady state was reached within 20 to 30 seconds, 
after which the frequency remained at the same lato as that dm mg 
rest See Fig 8 

Although anatomical methods have so far failed to leveal completely 
the paths followed by vestibular fibeis between the end organs and the 
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coite\, functional evidence iiuhcate'^ tlmt diiect connections do exist 
Spiegel [30] found that convulsions can be pioduced in cats and dogs 
by stimulation of vestibulai leceptois if strychnine is applied to ceitain 
aieas of the tcmpoial lobes No convulsion^) occin when strychnine is 
applied to othei paits of the coite\ In other expeiiments Spiegel 
[31] lecoided changes in the electrical activity of the coitex of the 



Fig 9 The effect of vestibular stimulation on the electroencephalogram of 

the cat 

All records wore takon during faulbocapnfne cotakpsy Tlio recording olectrod« wa* ploced on 
fho fuprafyMorr of rfio fomporal fofaa Record A woi iokan wfl/i fh© head of rwf, both laby- 
rinth! Intact Th© onlma! wa* then rotated 15 Itmeii the chango In th© electroencephalogram after 
rotating U clearly shown In record fl Record C was taken with the animal at reit after destruction 
of both labyrinth* That no change In th© electroerKephologram now occurs Is shown by record D, 
taken after 20 rotations. (From original record* of E A. Spiegel ) 


cat and monkey duiing stimulation of the labyrmtii by rotation See 
Fig 9 That these changes are due to the flow of impulses directly 
from the labyimth to the coitex by way of centers lowei in the ceutial 
neivous system^ eg, oeiebellum and medulla, and not fioin stimula- 
tion of the eyes or of leceptois in the muscles or visceia was demon- 
stiated by a senes of control expeiiments Visually aioused activity 
was eliminated by covering the eyes and placing the animal in the 
dark Reflex and voluntaiy activity of the muscles was excluded 
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by the injection of cUiftre and bulbocapnine ^ Sensoiy impulses from 
the skeletal muscles and visceia weie blocked by tiansectmg the spinal 
cold in the uppei cer\ical legion and by cutting the vagus neives 
None of these contiol measuies eliminated the changes in electiical 
lesponse of the ^S^estibulai area^^ of the coitex during rotation On 
the othci hand, no changes in electiical activity oocuned dunng deep 
ethei anesthesia, after bilateral labynnthectomy, oi after undei cutting 
of the lesponsne cortical area 

Evidence such as that bi ought forth by SpiegePs expeiiments lends 
weight to the supposition that oui awaiencss of head position and 
movement is m part, at least, due to ncive impulses flowing directly 
fiom the vestibulai leceptois to the brain 

Reflex responses Since theie are a gieat many reflex lesponses 
resulting from stimulation of vestibulai leceptois, it is convenient to 
classify them in some systematic fashion The following scheme 
lepiesents a modification of one pioposed by Dusser de Barenne [10] 

I Positional reflexes reflexes for which the adequate atimulus is the position 
of the head, not the movement ocouinng dunng attainment of that position 

A Tome lofloxcs leflcxes which B Righting lefloxes lefloxes of 

m amt am certain patterns of neck muscles which restore 

tonus m the musculature normal position of head when 

1 Of eye muscles it has been displaced 

2 Of neck muscles 

3 Of limb and tiiink muscles, 

II Acceleratoiy reflexes leflexes for which the adequate stunulus is angular 
or hneai acceleration 

A Reflexes lesultmg from angu- 
lar acceleration (rotation) 

1 Of eye muscles 

2 Of neck muscles 

3 Of bmb and trunk mugcles 

4 Of visceial musoles 

in Artificially induced reflexes 

A Reflexes lesultmg from calonc stimulation 
B Reflexes resulting from mechamcal stimulation 
C Reflexes resulting from electncal stimulation 

Any of the three artificial stimuli may produce reflex responses of eye, neck, 
limb, trunk, and visceral muscles 

In many investigations expenmenteis have been satisfied to observe 
carefully the reflex responses produced by vestibular stimulation and 

® Curare and bulbocapnine produce paralysis of the skeletal miiaoles, curare 
by blocking impulses to the musclea at the motor end plate, bulbocapmne by 
aHeoting motor centers in the centi'al neivous system 
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B Reflexes resulting from linear 
acceleration 

1 Of neck muscles 

2 Of limb and trunk muscles 

3 Of visceral muscles 



have not tiied to make quantitative measmements This was par- 
ticularly true in the first exploiatoiy experiments and even in most 
of the latei studies of leflex i espouses of the neck, limb, and tiunk 
muscles In some instances, as in the experiments of Tait and 
McNally [37], measures of the extent and duration of movement 
have been desired, and techniques have theiefore been developed to 
make these measurements These two investigators used dccerebiate 
frogs in which one or both hind legs w^ere divided from the reraamdei 
of tlie body and head except foi a connecting link, the sciatic nerve 
The hind leg was then mounted so that the contractions of individual 
muscles could be recoided by means of a muscle lever The head- 
body part of the pieparation was placed on a tiltboaid whose move- 
ment subjected the labyrinth to the stimulation of angular acceleration 
Diiect observation of visceral muscle responses is impossible unless 
suigery is performed The eonti actions of the stomach or of other 
parts of the gastrointestinal tiact have been recorded by inserting 
a rubbei balloon attached to a lUbber tube, the otliei end of which is 
connected to a tamboui recordei The balloon is inflated aftei inser- 
tion so that it fills the cavity in which it rests Contraction of the 
walls of the cavity will then excit piessure on the balloon, and the 
pressure on the enclosed air of the balloon-tube-tamboui system will 
produce movement of the tambour diaphiagm and of a recording lever 
attached to it See Figs 2 and 3, p 396 
It IS m the study of reflex responses of eye muscles to vestibular 
stimulation that the most elaborate lecording and measuring techniques 
have been developed To measure the tonic leflex movement of the 
eyes in human subjects, Benjamins designed a special pair of spectacle 
frames with cylindrical eyepieces [2, p 221] One of a pair of fine 
cioss-wires is set so that it ciosses two points maiked by white paste 
on the anesthetized coinea After a change in head position the angle 
through which the eye rotates is measured by adjusting the second 
cross-w^ire to include the new positions of the two points on the cornea 
Many different techniques — ^mechanical, photographic, and elec- 
trical — have been employed to recoid the nystagmic eye movements 
which occur during lotation Dusser de Barenne and de Kleyn [11] 
recorded the movements of individual eye muscles of the rabbit The 
apparatus which they used was so arranged that threads attached to 
each of the eye muscles operated separate levels, which lecoided on 
the smoked papei of the kymogiaph The animal was lotated about 
its longitudinal axis, and the reflex lesponses of each eye muscle were 
registeied By careful fixation of the head and propei design of the 
thiead and lever system, all changes in tension on the threads as the 
result of lotation, except changes due to muscle conti action, were 
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eliminated The expeiimcnteis \\q\c able to domon‘=;tiato the lecipio- 
cal inneivation of ceitain pan a of eye muscles 
The total movement of the intact eye duimg and aftci lotation is 
more often recoided than are the responses ot the sepaiate eye muscles 
In some ol the eaihest attempts at such lecoiding mechanical methods 
wGie used, but these were anything but satisfactoiy because tliey 
lacked sensitivity, annoyed the subject, and could easily have a dis- 
torting effect upon the response itself These difficulties 'weic ovci- 
corae by the use of photogiaphic methods Among the fiist to devise 
a satisfactoi’y technique of lecoidmg eye movements pliotogiaphically 
weic Dodge and Clmc [7] They took advantage of the facta that 
(a) the coinea of the eye leadily i effects a light beam diiected upon 
it and (6) the surface of the coinea bulges out fiom the spherical sui- 
face of the lest of the eyeball Movement ot the eyeball, theieforc, 
lesults in changes in the angle of reflection of a beam diiccted upon 
the coinea See Figs 4 and 5, p 407, and the accompanying descrip- 
tion on p 408 Altliough this technique was fiist used to study eye 
movements during leading, it was leadily adapted to tlic study of the 
eye movoments which result horn atimulation ol tlic Inbyiintli by 
lotation For the latter puiposo, howevei, it is usually desiiable to 
photogiaph eye mo'sements with the eyes closed and dunng lotation 
as well as afteiward, and it is ncccsaaiy to be able to distinguish 
between changes in the lecoid which aie caused by head movements 
and those caused by eye movements These added lequuemcnts may 
be met by modifying the setup shown in Fig 6, page 407, as follow s 
The eyelids aie held shut by a clamp oi by naiiow stnps of adhesive 
tape A small, freely-pivoting wooden block on w^hioh is mounted a 
concave mirroi is allowed to lest lightly against the eyelid directly 
ovei the cornea See Fig 6 insert Movement of the coinea causes 
the block to rotate a)bout its axis, the direction of lotation being 
opposite to that of coinea movement A light beam is now dnected 
on the rairrOr and i effected by it instead of the cornea A similni 
concave minor may also be mounted m fixed position on the head so 
as to reflect the beam fiom a second light onto the photographic 
lecord With this double lecord deflections of the recoided eye- 
movement hne which aie produced by head movements may be 
detected To lecord eye movements during rotation it is necessary 
to mount the light source, camera, and associated apparatus on the 
same rotating platfoim with the expenmental subject See Fig 6 
Anothei photogiaphic technique which has proved useful in the study 
of eye movements is to take pictures of the eye with a moving-pictuie 
camera The successive finmes of the film may then ibe examined, 
and, the late at which the frames weie exposed being known, a plot of 
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mo\pment3 pci unit time can be made In making such plots it is 
desnable to have a fixed lefeience point on the eyeball This may be 
accomplished by fixing a small piece of leflecting material to the eye- 
ball Judd, who one of the first to use tins methoch placed a 
small paiticle of China ^hite, coated ^\lth paraffin to pi event iintation, 
on the eyeball m the icgion of the iiis [19] In order to have a recoid 
of all eye movements, even duiing the time bet^lien successive fianies 
of a moMng picture, some expenmentors have u«cd a dual camcia 
lecording system, m vhich a fiaine m one cameia is being exposed at 
the time the film m the other is moving in piepaiation fur exposine 
of the next frame 

Changes in clectncal potential duimg eye movements liave been 
lecorded from electiodes placed ncai the eye, e g, one on each temple 
foi hoiizontal movements oi one above and one below foi xTitical 
movements [18, 24] These elcctiical iccords show a close corie- 
^pondence to the eye-movement recoids obtained by photographic 
techniques 

DiscniMTNXTORY RESPONSES Although we do not yet know the 
lelative importance of sensory impulses flowing dnectly from the 
vestibular leceptors to higher centeis and scnsoiy impulses fiom 
kinesthetic receptois stimulated by the positional and acceleiatory 
leflexes, w^e can nevertheless in oin expeiimental investigations make 
use of sensoiy experiences accompanying vestibulai stimulation 
Several early investigatois, such as Wells (1792), Eiasmus Darwin 
(1801), and Puikmje (1820), dcsciibed the sensory phenomena uhich 
could be noted mtiospectivcly during and aftei rotation It lenoained, 
however, fur Giiffith (1920) and Dodge (1923) to furnish accurate 
introspective repoits under caiefully conti oiled conditions 

Giiffith, aroused by the mistaken notion persisting m studies on 
the selection of aviation candidates during AVoild Wai I that lack of 
sensitivity to lotation ivas an undesirable tiait in such candidates, 
conducted caieful laboratoiy studies in which ho was able to demon- 
stiate that dizziness is subject to habituation [16] Experienced pilots 
01 otheis who had been exposed repeatedly to rotatory motion were 
likely to show decreased responses during the typical test situation 
Of less piactical importance, peihaps, but of greater them etical inteiest 
weie his conclusions tlmt the sensory expeiience wffiich w^e call dizziness 
18 the combination “of a large number of processes the most piominent 
of which are (1) kinesthesia fiom the eyes and neck and in the arras, 
(2) piessure from the region of the abdominal ^nscera, the chest, and 
head, and (3) oeitam vascular processes which supply an obscure 
backgiound and wdiich give to the whole experience a chaiactenstic 
shading 
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l) 0 (lgc nuasuicd tliii'sholLld of lotution by liaMiig Ins expeiimental 
subjects leport any change nuticod m then position [6] With rapid 
onset of lotation, he found the thie'^hold to be about 2 degiecs per 
second In scvcial studios Dodge obtained both mtiospective icpoits 
and iccnids of eye nioveinents undei diftcicnt conditions of stnnulatioii 
by lotation Although in some instance's reports ol awaione&s of onset 
or cessation of lotatiou coincided ^^lth appeal ance oi disappearance 
of eye movements, this vas nut tiue undei all stimulating condition's 
In addition to lepoits oi a\^aleness of mo\ement and of dizziness, 
subjects have been asked to lepoit feelings of discumfoit and nausea 
and to make judgments about appaient movement of sui rounding 
objects Examples of expeiiments involving both these kinds of 
reports may be lound in tlie uork of aviation lesearch gioups doling 
World War II In a summary of expeiiments by several investigators 
Baid ha« listed the symptoms of motion sickness as occuiring usually 
lu the following sequence “drow'sine^s, pallor, culd-sw^eating, nausea 
(usually usheied in by some dcgiee of epigastnc aw^aieness), and 
vomitiJiff (which may not occui) He adds that “headache and 
dizziness are vague symptoms occurnng only iiiegularly^^ and that 
tnie veitigo^^ and nystagmus are evoked only when there is angulai 
acceleration 

Giaybiel, Clark, and associates, wwkmg at the Naval School of 
Aviation Medicine, Pensacola, Floiida, have desciibed two visual 
illusions rcpoited by human subjects in whom vestibulai stimulation 
was bi ought about by maneuveimg a plane or Link trainer oi by 
rotation on a human centrifuge One, wdiich they call the oculogyral 
illimon, occurs duiing angular acceleration and is theiefoie thought 
to leault iron! stimulation of receptoia in the semiciicular canals 
The second, named the oculogiavic illimon, occurs when centrifugal 
force 13 acting and is thought to lesult fiom stimulation of the otolith 
oigans The oculogyral illusion consists of the apparent naovoment 
of a fixed object, the oculogravic illusion, of the apparent displace- 
ment of the object [3, 15] 

It has been stated earliei that discriminatory responses of animals 
have seldom been used in the study of the vestibular system Note 
should be taken, however, of expeiiments by Spiegel and Oppenheimei, 
in which they report obtaining a conditioned response lu dogs to 
changes m position and to angular acceleiation [32] The animals 
were carefully fastened in position on a tiit-tuble or rotating platfoim 

The seiiBation that the external world ig revolving about oneself or that 
one's ovm body is roiolvjng m space, when actually neither movement is taking 
place 

Personal coramuiu cation 
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One leg was fieo to flex upon application of the unconditioned stimulus^ 
shock Conditioned lesponses to slow changes in position about the 
hoiizontal axis weie established not only in the intact animal but also 
in animals in which the follo^Mng suigical ablations weie earned out 
(a) section of the posteiioi columns and doisal spinoceiebellar tracts 
at the fiist or second ceivical level, (6) destruction of both labyimths, 
(c) combination of a and b In animals in vhirh operation c was 
peifoimed, the experimenter concludes that the conditioned responses 
must have been based upon non-vcstibular sensoiy impulses earned 
by the remaining ascending tracts of the spinal coid 
The conditioned lesponses to angular accelciation weie established 
leadily aftei section of the posteiioi and doisal spinocerebellar tiacts 
and paialysis of the eye, facial, and mastication muscles by local 
anesthetic After bilateial labyiinthectomy, on the uthei hand, con- 
ditioned lesponses could not be obtained foi a period of to 2 months 
Repeated training trials finally resulted in conditioned responses, first 
to rapid and eventually to slow rates of accelciation Discriniinatory 
leactions to diiection, which weie obtained m normal animals, could 
not be established m the labyimthectomized dogs 
Because of then expeiimental findings, Spiegel and Oppenheimei 
question the adequacy of theories which account for the awareness of 
lotation entnely on the basis of sensory impulses fiom muscles whose 
conti actions are reflexly pioduced upon vestibulai stimulation These 
lesults, in addition to those obtained by Spiegel m other experiments 
(see p 307), suggest the need of furthei investigation of the direct 
connections of the vestibular receptois with higher nervous centers 


Ablation Methods 

As in the study of kinesthesia, selective ablation has been of funda- 
mental, importance m the study of the vestibulai system It was the 
method employed by Fluorens in the classical expeninents in which he 
fiimly established the role of the semicirculai canals in postural adjust- 
ment and coordinated movement [13] Fluoiens not only destroyed 
the whole of the vestibular system on one oi both sides, m some expeii- 
raents he sectioned individual canals and pairs of coi responding canals, 
eg, both latex al canals ox the anterior canal on one side and the 
postcnoi on the othei 

Followmg the work of Fluoiens ablation was the method most 
often used to analyze further the functions of the vestibular system 
Surgical piocedures differed widely, and the results often reflected the 
exactness oi crudeness of the procedme Knowledge of the vestibular 
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'system was nc\ crtlioloss lapuUv aihancod hy the expeiiments m \^h^ch 
cflieful, refined techniques weic employed 

Not only ^\cie the expenmenter’s suigical skill and caiefulness 
mipoitant in the ablation experiments but also of significance ^\a& the 
type of animal used In buds and fishes the canals, utricle, and «iacculc 
can be exposed easily, and indnidual paits '^cpaiately de^^tioyed oi 
damaged In the tiog, the amphibian usually studied, the small size 
of the labyiinth makes dcstniction of scpaiate paits extieincly difficult 
Nevertheless, several in'veshgato]®, by ii'^ing a dissecting microscope, 
have been able to rendei scpaiate parts of the labyimth uon-functional 
by crushing or cautoiizing them oi by sectioning the ncl^e supply 

In mammals the Inbyiinth lies imbedded m the \oiy haul poition 
of the tempoial bone Exposiue and dcsti action of any part of the 
vesti'bulai mccliarusjn without damage to other parts arc all but 
impossible Fuitbciinoie, the position of the labjuinth is such that 
injury may be clone to the cciebellum or to neck muscles, both of 
A>hich aie impoitant in poatuial contio! If unintentional damage is 
done tu either vcstibulai oi non-vestibiilai structuicb without the 
experimenter's knowledge, the results of ablatmn wil] be iniMiitorpietcrl 
Disagreement among many early expenmcnteis using ablation tech- 
niques was often the result of diffeienccs in exactness of surgical 
procedure 

The ablation method has also been applied in studying tlie ceutial 
nervous connections of the vestibulai system For example, in expeiu 
nients on motion sickness, Bard has obtained results ^^hlch thiow new 
light upon the lole of the coiebollum in conti oiling ie&])onses aroused 
by vestibular stimulation 12 Tests ^\ele made of the vomiting 
responses of dogs subjected to swing stimulation bcfoic and aftei 
ablation of parts of the corebollum A typical animal 'i^omited within 
8 to 25 minutes in each of 11 test periods given at weekly inteivals 
After desti action of all the ceiebellai coitex no vomiting occuiiecl m 
14 separate test periods, in each of which swinging continued foi 
60 minutes, noi in one additional period of 2 houis yimilai results 
were obtained in othei exiieriments in which only limited portions ot 
the cerebellum were ablated 


SUMMARY 

The proprioceptive system consists of a kinesthetic division and a 
vestibular division Kinesthetic leceptora, le, proprioceptors m tlie 
muscles and tendons, were first disco veied though anatomical methods 
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Selective ablation methods wuq then used to establish the functions 
of the diftcient kinds of leceptois and to investigate the role of 
kinesthesis in the control ol postuie and locomotion With the devel- 
opment of clectiical stimulation and lecoiding methods it has been 
pos^^ible to make a moie exact analysis of the functions of the leceptors 
and nerA ous elements of the kinesthetic system 
Evidence fiom expeiimcntnl studies on lower animals has been 
eonoboiated and supplemented by clinical studies of man In a few 
instances psychophysical methods used in animal cxpeiiments oi 
clinical investigations have added to oui knowledge ol kinesthesis 
For the most part, liowcvei, methods icquiimg disciiniinatoiy i espouse'^ 
liave not been used 

The stuic tines in the innci ear which make up the vestibular end 
oigan had been dcsciibcd in detail by anatomists long befoie anyone 
suspected that they feer\cd as the leccptois which are stimulated 
by jiofaition and moiement ot the head Their function was fiist 
disco\eied b> ablation methods Aftoi this discoveiy pi ogress in 
undcistandmg the vestibular mechanisms depended mainly upon the 
fkwelopment of methods of stimulation, methods of lecoiding and 
analyzing lesponses, and impiuved ablation techniques 
The natuial forms of stimulation of the vestibular leceptors are 
position of the head, angiilai acceleration flotation), and linear accel- 
eration In addition, these leoeptois may be stimulated aitificially 
l)y caloiic, mechanical, and electiical stimuli 
Theie aie seveial levels at which we may recoid and analyze the 
lesponse to vestibulai stimulation We may examine (1) the activity 
of the receptoi, (2) the activity of aUeient neive flbeia, tiacts, oi 
centeis, (3) the leflcx responses of effectois, (4) the discnmmatoiy 
lesponscs of human subjects oi of experimental animals In most 
instances, experimenters have been interested m responses of the first 
thiee classes A wide vaiiety of luechanical, electrical, and photo- 
graphic lecoiding techniques has been developed In some experiments, 
however^ subjects Imv^ been instiucted to report the least noticeable 
motion or to make judgments about the position and motion of objects 
in space oi to desciibe such expeiiences as dizziness, veitigo, and 
nausea In ammala conditioned responses have been established to 
angular aeceleiation and to slow changes m position 

REFERENCES 

1 Alexander, S J , M Cotzin, C J Hill, Jh , E A Riccruri, and G R Wendt 
Wesleyan University studies of motion sickness I The effects of ^a^a- 
tion of time mter\als between accolemtiona upon sickness rates J Paychol , 
1946, 19, 49-62 


315 



2 Camib, M The Pkyswlogy of the Vestibular Apparatus (Translated from 

the Italian and annotated by R S Creed) London Oxford Uni\cisifcy 
Pi ess, 1D30 

3 Clark. B , and A GRA'i'BiEL Visually perceived movement caused by angulai 

acceleiation and by centrifugal force during flight (abstmet) Amer 
Psychol, 1946, 1, 238 

4 Bodoe, R The latent time of compensatory eye-movements J Exper 

Psychol, 1921, /„ 247-269 

6 Dodge, R Habituation to rotation J Expo Psychol, 1923, 0, 1-35 

6 Dodge, R Thiesholds of rotation J Exper Psychol, 1923, 6, 107-137 

7 Dodge, R , and T S Clinf The angle velocity of eye mo\ eincnts J Exper 

Rev, 1901, 8, 145-167 

8 Dohlmak, G Some practical and theoretical points in labyunthoiogj^ Proc 

Roy Soc J^fed, 1936, PS, 1371-1380 

0 Dunlap, K A lotator foi vestibulai and oigaiuc stimulation J Comp 
Psychol, 1921, J, 36^^67 

10 Dus&er db Barenne, J G The labynnthine and postural mechanisms In 

A Handbook of Genoal Expermcnlal Psychology C Murchison, Ed 
Woicestei, Mass Claik Uunersitj Press, 1934 

11 Dusser db Barenne, J G, and A df Klevn On reciprocal inneivation of 

the eye mascles in the tome labynnthine leflcxes Acta Olo-Laryrig , 1031, 
10, 97-110 

12 Ewald, j R Physiologische JJyitcrsuckuiiocn ubtr das Endoiyan des Nervus 

Octavus Wiesbaden Beigniann, 1802 

13 Fluorens, M P j Recherches expdnmcntales aur lea propnilis et lea 

fonclwns du syslivie norveux dana les antmaux vertebrSa 2nd Ed Pans 
Bailli^re, 1842 

14 Fulton, J F Physiology of the Nervous Syatem New York Oxford Uni- 

versity Press, 1943 

16 Qratbiel, a , B Clark, K MacCorquodalb, and D Hupp Role of vestibular 
nystagmus in the visual peiception of a movmg target m the dark Amer 
J Psychol, 1940, 69, 269-266 

16 Griffith, C R An Historical Survey of Veaiibular Equilibration Urbana, 

Illinois University of Illinois Press, 1922 

17 HemminqwaYjA Cardiovascular changes in motion sickness J Aviat Med, 

1046, 16, 409 

18 Jacobsen, E Electneal measui'emente of neuromuscular states during mental 

activities Amer J Physiol , 1930, 95, 604-702 
ID Judd, C H , C N McAllister, and W M Steels General introduction to a 
senes of studies of eye movements by means of kinetoscopic photographs 
Psychol Rev , Monog Supp , 1006, 7, 1-16 

20 ICerr, W a , and A Ghatbiisl Thresholds of stimulation of the horizontal 

aemieircular canals m man (abstract) A?7icr Psychol, 194Q, 1, 237 

21 lihwENBTEiN, 0, and A Sand The mechanism of the semicncular canal A 

fitudy of the responses of single-fibre preparations to angular accelerations 
and to rotation at constant speed Proa Roy Soc London, Series B, 1940, 
m, 266-275 

22 Matthews, B E C Nerve endings m mammalian muscle J Physiol , 1933, 

75, 1-53 

23 Mowrer, 0 H The electrical response of the vestibular nerve during ade- 

quate stimulation /Science, 1935, 81, 180-181 


316 



24 Mowrer, 0 H,T C Ruch, and N E Miller Tho cornco-rctinnl potential 
diffeience as the ba5is of the gahanometnc method of recording eye tno\e- 
ments Amo} J Physiol, 1936, 1J4, 423-428 
26 Pi-Su5iBR| J , and J F Fulton The influence of the proprioceptive nerves of 
the hind hmbs upon the pa'^ture of the fore limbs m decerebrate cats Amcr 
J Physiol, 1028, 83, 548-^663 

26 Rombbrq, M H Lchrhuch do Neivcn-Krankheitcn des Memckcn 2to Aufl 

Berlin Dunckei, 1861 

27 Ruch, T C Cortical localization of somatic sensibility The effect of pre- 

cential, poatcentral, and postenor paiietal lesions upon the performance of 
monkeys trained to discriminate weights Res Publ Assoc Nerv MenL 
Disease, 1936, 16, 289-330 

28 Ruch, T C, j F Fulton, and W J German Sensory disenmination m 

monkey, chimpanzee, and man after les^ions of the parietal lobe Arch 
Neurol Psychiat , Chicago, 1938, 39, 910-037 

29 Sherrington, C S On the anatomical constitution of nerves of ««kcletal 

muscles, with remarks on recurrent fibres in the ventral spinal nervc-ioot 
J Physiol, 1894, 17, 211-258 

30 Spiegel, E A Tho cortical contois of the labyrinth J Nerv Merit Disease, 

1932, 76, 604-512 

31 Spiegel, E A Labynnth and cortex the electrencephalogram of tho cortex 

m stimulation of tho labyrinth Aich Neuiol Psychtal , 1934, 31, 469-482 
32, Spilqel, E a, and M J Oppenheimer Conditioned leactions to position 
and angiilai acceleration Amer J Physiol , 1939, 125, 266-276 

33 Spiegel, E A , M J Oppenheimer, G C Henny, and H T Wtcis Expen- 

mental production of motion sickness TFar Medicine, 1944, 6, 283-290 

34 Stein HAUSEN, W t)ber den Nachweis der Bew egung dcr Cupula in der mtak- 

ten Bogengangsampulle des Labynnllis bei der natlirlichcn rotatonschen 
und calonschen Reizimg Arch ges Physiol (Pjlugers), 1931, P28, 322-328 
36 Steinhausen, W t)ber den expenmentelleii Nachweis der Ablenkung der 
Cupula termmahs in der intakten Bogengangsampulle des Labyrinths 
bei del thermischen und adaquaten rotatonschen Reizung Z Hals-Naa -u 
Ohrenheilk, 1031, 29, 311-216 

36 Stern HAUSEN, W Das Bogengangssystem des mneren Ohres als Wahrneh- 

mungsorgan fui Drehungen Berlin Heickstelle jur den Untemchtsfilm zu 
den Pfochschulfilm, 1039, No 328 

37 Tait, j , and W J McNally A method of recording the responses of indi- 

vidual muscles to appropriate stimulation of the semicircular canals Amer 
J Physiol, 1929, 90, 636-637 

38 Travis, R C Perception and bodily adjustment under changing rotary 

acceleration a new technique Amer J Psychol , 1944, 67, 468-481 

39 Wendt, Q R, and R Dodge Practical directions for stiraulating and for 

photographically recording eye-mov ements of animals J Comp Psychol , 
1038, 26, 9-30 

SUGGESTED READINGS 

Boring, E G Sensation and Perception tn the History o/ Expenmental 
Psychology New Yoik Appleton-Century, 1942, pp 623-544 
Camis, M The Physiology of the Vestibular Apparatus (Translated from 
the Itahan and annotated by R S Creed ) London Oxford University 
Press, 1930 


317 



DubSER D> B\np\Nb, J G The lulnunthine and postinal mfchambim In 
A Ilajidbook of Gnifial Exfn mneftUi! Psychology C Miuchison, Ed 
Woiccstei, Ma«:s Clnik Unnerai(\ 1931, pp 204-246 

PuLroN, J F Physiology of ih* Ntivoics hiyUcm, Hcv Ed Nevr Yoik 
Ovforcl Um\eisit 3 ^ 1043, pp 1-170 

Fulton, J F , Ed HoueWs Tcxtbool oj Physiology Philadelphia W B 
Saunders, 1946, pp 202-217 

Griffith C II An f!isto}ical Smocy of Vcslibulat Equilibration Uibaiin, 
Illinois Unnei-JU of Illinois Prcfs, 1922 (Includes n bibJiogiaphv ot 
1701 titles) 

Moro\n, C T Physiological Psychology jSew \oik McGraw-Hill, 1043, 
pp 2S3-293 

McNALn, W J, and E V Stuart Physiology of the labMinth ie\iewed m 
relation to sensickncfcs and olh^r fonns of motion sickness Wai Medicine, 
1942, 2 , 683-771 

Spii-oel, E a , and I SoMMtn Ve^'tibulai mechanisms In Medical Physics 
0 Glassei, Ed Chicago The Yeaibook Pubhshcib, 1944, pp 1638-1053 


318 



Chaplet 12 


Studying Animal Behavior 

Harry F Harlow' 


Psychologists ha-vo studied the behavior of animals othei than man 
out of sheei curiosity — a dc'^iie to know how and why all animals 
respond as they do In addition, ]»sychologists have made comparatn e 
studies of the behaMoi of diflcient animals to deteimine whethei 
comparable response patterns show piogicssively inci easing complexity 
as \\c ascend the phylctic scale Such a finding would be in keeping 
with general evolutional y tlieoiy 

The jnunaiy leason, howevei^ foi the use of subhuman animals in 
psychological expeiiments lies in the fact that moie precise methods 
and moie adequate contiols can be cxeicised over ammals other than 
man in the laboiatoiy Indeed, many psychological pioblems can be 
tested only on subhuman animal subjects 

Thus the essential leason for the study of comparative psychology 
IS a methodological reason, a desiie on the part of the psychologist 
to study as completely as possible all the factois which underlie 
behavior and to test and deteimine uudei controlled experimental 
conditions all the variables intenening between the presentation of 
stimuli and the measurement of i espouses 


Advantages of Subhuman Subfects 

The geneial methodological advantages found in the use of sub- 
liuman animals as expei miental subjects aie as follows 

I It IS 'possible to contiol the external environineiit to a greater 
degiee luith lowe) anmals than with man Psychologists have long 
been inteiested m the natuie of visual oiganization in ammals befoie 
these functions have been modified by expeiience No practical and 
precise method of testing vision in any new-born animal has ever been 

1 Professor of Psychology, Umveisity of Wiflconsm 
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devised The logical solution of the pioblem is to dcpiive the subject 
of an> oppuitunity foi M&ual expciiencc until he has reached such 
an age that adequate expeiiments can be made Such pioceduies are 
impracticable with childien but weie actually employed by Hebb [16] 
in deteimining the innate organization of visual functions in rats 
Analysis of the loles of heredity and cnviionment in sex behavioi 
demands that diastic contioJ be maintained over the exteinal environ- 
ment Such controls have been earned out, using guinea pigs and 
rats Q 3 subjects The animals ^vere raised in isolation from early 
infancy until inatuiity, and the nature of the sexual response patterns 
then tested 

These examples illustiate the general principle that gieatei control 
can commonly be exercised over the enviionment of any laboiatoiy 
animal than ovei man Foi most expeiiments such contiol is desii- 
able, and for many expeiiments it is essential 
2 The life epan of most subhuman animals is shoitei than that of 
man As the science of psychology develops, gieater emphasis may 
be expected to be given to loiig-teim, as opposed to slioit-term, expeii- 
ments The eftect of various external and inteinal environmental 
conditions over consideiable portions of the life span and the nature 
of inheiitance come to command gieatei attention 
An example of Jong-teiin study js that of the influence of feeding 
frustration during late infancy (16 days of age) upon the behavior 
of adult rats This specific investigation was earned out by Hunt [18] , 
who found that an experimental gioup huaided more than twice as 
many pellets as then littei mate contiols in the postf lustration tests 
These tests began at 160 days of age, appioximately 11 years in terms 
of man’s life span Hunt specifically states, ^The rat was chosen 
because it is a convenient laboratory animal, with a brief life cycle ” 
Tryon’s [31] compiehensive investigation of mheiitance of maze- 
running ability m the lat was earned out for 20 generations (600 
yeais had human subjects been usedl) Piogressive differentiation 
between maze-biight and maze-rdull lats took place for 7 generations 
(210 ‘‘human yeais”) Similar studies have been carried out at 
Minnesota on the inheritance of maze-ioinning ability and on the 
inheritance of geneial activity 

The use of animals in mheiitance studies is facilitated not only by 
the abbreviated life span of the subhuman animal but also by the 
ability of the experimenter to maintain control over the environment 
Human inheritance studies give results obscured by the fact that men 
have enouglr control over their environment to mate frequently by the 
dictates of whimsy and transient preferences — conditions not permitted 
rats at the California and Minnesota laboi atones 
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3 A {})eaiet degiee of control can be eieict^ed ovei the physiological 
state and oiganic stiuctme of anunals otho than man Many 
impoitant psychological problems cannot be investigated unless the 
physiological state ul the oigaui&m can be diasticall> alteied Also, 
other basic psvcliological pioblems can be solveil only by opeiative 
procedures v^hich leave the oiganism suftermg permanent deficit 

Some basic problems of motivation can be solved only by experi- 
ments in which the animal imdeigoes serums phy^iiological deprivation 
This IS illubtiated by Waiden’b [32] investigations on strength of 
dnves, m which lestiictions on food and winter weic earned to critical 
limits with some cxpciimental gioupa 

The altciation of organic btiuctuie thiough operative inteivention 
IS one of the impoitant methods of animal psychology This method 
cannot be used in any delibciatc and radical manner on man The 
impoitance and extent of this technique aie attested by the fact that 
such pioccdures aie described m Chapters 6, 7, 0, and 16 of this book 

The use of opeiative methods in the analysis of complex behavioi 
patteins is illustiated by Beach's [3] studies Elicitation of such 
basic reaction patteins as the copulatory i espouses in the male lat 
IS affected -by inactivation oi paitial inactivation of the visual, olfac- 
toiy, and cutaneous icceptoi systems attei enucleation of the eyes 
and transection of the olfactoiy bulb and tngeininal ner\e Likewise, 
coitical lesions above a minunal size seiiously affect the aiousal of the 
male copulatoiy i espouses 

Lashley’s [22] classical study of the effect of coitieal lesions showed 
clearly the use and importance of such methods m the field of learning 
In the analysis of factois operating m complex learning problems these 
techniques have been used to test delayed lesponse m lat, monkey, 
and chimpanzee, reasoning m lats, and hypothesis formation by lats 
and monkeys 

General Methods of Comparative Psychology 

Histoiically tho broad general methods of comparative psychology 
have been described as (1) the anecdotal, (2) the observational, and 
(3) the experimental 

The anecdotal method implies the acceptance of the undocumented 
and often casual accounts of untrained individuals The limitations 
of the anecdotal method, so defined, have aheady been explicitly 
foimulated [33] 

The obseivational method has been desciibed as obseivation of the 
animal without attempt to control oi alter the conditions of the 
natuial environment Defined in this raannei, the “obseiwationar' 
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method has become a<^soclatecl with studies of the behavior of the 
v.ild animal in the field oi with studies ot the development of domesti- 
cated animals undei ciicumstances in which no special oi unusual 
controls weie eveited The obsei national inefcliod has been con- 
trasted to the expcnmcntal method, in \\hich piecise, multiple contiols 
aio exerted over both the exteinal and internal enviionment of the 
animal 

Field studies illustrate the observation method, and the studies by 
Carpentei on the behavioi of the howler muukey, spidei monkey, 
rhesus monkey, and gibbon are examples of unparalleled excellence of 
the efficiency of the ubscivational method when earned out by the 
skillful and patient mvostigatoi In his lescarch on the howler 
monlvcv, for example, Carpenter was able to make a highly adequate 
census of the houJei population of each of the twent}^ -eight clans 
inhabiting Baiio Colorado Island in the canal zone He was able to 
cliffeientiate the animals into age and sex gioups, to plot and tune the 
ty]uca! daily activities of the monkey, to deteiinine the essential group 
integiations, social lelations, and mtiagioup behavioi, and to deter- 
mine basic reaction pattenis of feeding, language coordination and 
contiol, play, mating, ncbting, and aiboieal movement and progession 

Caipcntei’a study [4] is of particulai impoitancc, since he empha- 
sized the number of diftcient piocedures which were used oi could 
be used in the field study, and it should be noted that these a? e by no 
fneana limited to techniqices of uncontrolled observation These pio- 
ceduies are given below 

1 Diiect observation with complete concealment of the obseivei 

2 Direct obseivation from ambush 

3 Dnect observation aftei neutial conditioning of the animals to 
the obseiver 

4 Indirect obseivation the study of epnoi 

6 Expeninentation 

6 Photogiaphy 

7 Collections 

Tlie observational method should be thought of as a technique m 
which the lesponses measuied are recorded by the expenmenter by 
graphic or oral means Experimental techmques involving contiol 
over the environmental and organismic vaiiables may be used when 
the responses aie observationally recoided 

Observational lecoidmg methods, as opposed to mechamoal recoid- 
mg methods, are commonly used m or out of the laboratory when the 
response to be measured is so complex or delicate that it is impossible 
or impracticable to utilize the moie strictly objective methods of 
mechanical lecoiding 



The shojicomings of conjmon jiicchnnical rccanJjng nietliods are 
indicated by Guthiie'fe [10] dcaciiptive studv of the beha\ior of cats 
m the solution of puzzle** box pioblems Guthiie ha<? emphasized the 
fact that psychologists ha\e usually mcasuied the lesults of the ani- 
mahs 1 espouses — ino\cments of level b, opening of doors, choice of 
alleys — and ha\e failed to measiue the actual responses, the ino\e- 
inent patterns of the animal Giithiie stiesscd the inipoitance of 
nieasunng these movement patteins To do this, he made extensne 
use of photographs and motion pictiues, but the pictoiial lecoid meiely 
amplifies and objectifies the more essential and more complete observa- 
tional lecoids presented in wiitteii language foira 
Many psychologists have used both obseivational and instiumental 
techniques to obtain independent mcasines of the same psychological 
trait In his study of the inheutance of tempeiamcnt, Stone (29] 
made observational latings of vuldnes=< in tenns of eleven items and 
also measured wildness in terms of an instrumental measiue, the pei- 
centage of animals failing to urn a labyrinth and enter a food box in 
a limited tempoial interval The lesults of tins study and many othei 
studies in which both obseivational and in&tiumental mcasuies have 
been used show that obseivational records may be as leliable and as 
v^alid measmes of the tiait investigated a* aic the instzuinental 
records 

Although historically the expenmental method has been contrasted 
to the observational method in compaiative psychology, a better 
dichotomy is to oppose the obseivational xecording method and the 
instiumental lecording method 

Comparative psychologists have quite piopeily emphasized method- 
ology and have made gieat efforts to obtain objectively lecoided 
measuies of then data This has commonly been done either by 
having the responses recorded completely automatically oi by having 
the responses, which aie actually recouled by observational means, 
so Simple that theie is little or no chance for error 
There can be no question of the desirability of the use of recoidmg 
devices as long as the instiuments effectively measure the responses 
essential foi problem testing It must be remembered, however, 
that lecoidmg instruments can seiiously interfere with efficient 
response by the animal Furtheimore, it may be impossible to meas- 
ure by existing instmmental means responses and response systems 
of great psychological importance 
In then urge to attain complete objectivity, compaiative psycholo- 
gists hav^e not infrequently become victims of the Procrustean method ^ 
le, they have ^^adapted^' the animal to the apparatus lathei than 
doviQc apparatus adapted to the animal Negative results have been 
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obtained, and the lesponsibility foi these rebults has been eiioncuusly 
laid on the subhuman mcmbei of the icscaich team 

Eftective apparatus foi testing subhuman animals can be devised 
only b> trying out many forms and types and selecting those which 
prove to be most efficient Llke^^Jse techniques for taming and adapt- 
ing animals to appaiatus and effective testing methods can be di8co\- 
cred only by trying out diftercnt procedures and retaining those which 
prove to be efficient 

Failure to lecognize these basic facts has led highly competent 
comparative psychologists into gioss euois — the ^'discovery’^ that 
animals did not have some capacity oi could not solve some pioblem 
that actually lay well within their range of capabilities The failure 
of subhuman animals to solve pioblems has often demons tiatccl 
nothing other than the faulty design of the apparatus or the inade- 
quacies of the test procedures 


TECHNIQUES OF MEASURING MOTIVATION 

The investigation of the motivational foices which initiate, acti- 
vate, maintain, and direct the behavioi of the animal is basic to all 
psychological investigation The distinctive techniques which com- 
parative psychology has devised have contiibuted much to oui knowl- 
edge of motivation 

The problems of motivation may be divided into two broad 
categories (1) the diive mechanisms — ^the internal stimuli and organic 
sets initiating activity and piedisposing the animal towaid making 
diffeiential responses, and (2) the incentives oi goal objects — the 
external stimuli toward which or away fiom which the responses of 
the ammal are directed 

It should be emphasized that these two motivational categoiies are 
never aepaiate but are constantly mtei acting, so that techniques and 
apparatus primarily designed for investigating the piopeities of one 
may also be useful for investigating the properties of the other For 
purposes of classification, however, they may be treated separately 


Methods of Studying the Drive Mechanisms 

The simplest function of the various diive mechanisms is the hbeia- 
tion of eneigy which results m ^^spontaneous” or gepeial activity on 
the part of the animal This general actimty can be measured by 
recording the movement of the subject's housing unit or by diiect 
observation of the overt behavior of the oiganism 
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The most commonly used ajjpaiatus foi reeoidmg general actiMty 
IS the revolving drum (see Fig 1) and its adaptations, which measure 
activity m teims of icvolutions oi partial revolutions of the metal 
cyhndei The activity score may 
be quantitatively iccoided by a 
cyclometei, oi it may be lecoided on 
a kymogiaphic dium if a continuous 
lecord sho^iing the temporal distri- 
bution is desiicd 

The levohnng-cagc method gives 
leliable lesults it adequate tests are 
made of the physical characteiistics 
of the individual cage units Laige 
numbeis of animals can be tested, 
and scoimg is simple and unequivo- 
cal The limitation of the method 
lies m the difficulty of adequately 
measuimg the role played by any 
individual diive (oi incentive) in de- 
termining the total scoie 
A continuous measure of general 
activity may be obtained using 
Richter^s tambour cage [25], which 
IS illustrated m Fig 2 The tambour cage has been used less fi equently 
than the revolving cage because of gieatei mechanical difiiculties and 
because a kymogrnphic lecord gives a scoie less quantitatively lecorded 
and less efficiently handled than the lecord fiom a cyclometer 

The tambour cage has been used to measure direction, as well as 
meie amount, of activity Foi example, the apparatus can be so 
ananged that incenti\e chambers for food and w'ater open directly 
into the tambour cage, and the exact response made to eithei incentive 
can be recoided 

Spontaneous actnnty m sheep and man has been measured by the 
pedometer, which, like the revolving drum, gives a measiue of total 
activity per unit time 

Vaiious simple cage devices have been used to measure activity 
recorded by direct observation, the number of units of floor space 
touched, entered, oi passed over is the common cnteiion of responsive- 
ness The disadvantage of such techniques lies in the fact that, since 
the experimenter is the measuring instiument, the technique becomes 
extremely time-consuming Such difficulties might be alleviated in 
part by standaidized time sample procedures 
The drive mechanisms, particularly the strength of a particular 
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Fig 1 Revolving cage and au- 
tomatic counter 


cliivej may be cftectivcly studied by obtaining a measure of the 
presence or absence ol i espouse, oi the iicqucncy of response in a 
given penud of time, to a stimulus ot constant intensity Stimulus 
satiation has fiequently been mensuied by the cliiect obseivation of 
the expen mentor with the use of simple appaiatiis, often nothing more 
than a chamboi delimiting oi diiccting the subject’s behavior 



Fig 2» Richter's tambour cage, 

a =» tambour cogo, b = tambour* lupporting cago cornen, c = recording tombour from coge^ 
d recording tambour from food box* 

Strength of the aex dnve has been studied in the male lat by observing 
the frequency of copulation m a limited time mteival when the male 
was presented with a female in estius With such techniques the 
eftects of previous expenence, inanition, cassation, hoimonal injection/ 
sense-organ destiuction, and cortical mjury have been investigated 
Maternal behavioi has been similarly tested by recording the num- 
ber of infants which a mother rat will retuin to the nest m a given 
time interval [2] This technique is unquestionably applicable to 
other species The strength of both maternal and tempeiatuie-iegu- 
lating drives has been measiued by deteiminmg the satiation point 
for the collection of papei strips and their incorporation into a nest 
The Skinner box [27] (see Fig 3), is an apparatus designed to 
determine automatically a quantitative measure of satiation The 
strength of drive is measured in terms of the rate of manipulation 
(frequency of response per unit time) of a lever which releases a food 
pellet each tune it is depressed This scoring teclmique makes it 
possible to measure not only satiation but also any progressive tend- 
ency toward satiation The Skinnei box, it may be noted, lias been 
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used successfully in measuring ceitam simple aspect* of the condition- 
ing or learning pioccss and, when modified by using two lexers instead 
of one, may be used to measure dibcrimmation 

The gieat merits of the Skinnei box aie the contiol of envu on- 
mental stimuli, the automatic recoidmg, and tlie accuiate quantitative 



A pelhl of food U oufomalkalty relAosad In tho food pan each flmo Iho lover li depmied 


measuies obtained The Jimitation of the box lies in the fact that 
it cannot be easily adapted for use m measuring drives other than 
hungei and thiist 

The Columbia obstruction box (see Tig 4) measures the strength 
of a diive m teims of its ability to overcome or countei balance the 
constant negative stimulus of an electrically chaigcd giill The 
strength of any paiticular diive is given in terms of the approaches, 
contacts, or crossings of the grill in a 20-minute period Test-rctest 
methods indicate that the measmes are reliable, and the lesults cor- 
relate well with other more direct methods of measuring specific diive 
strengths 

The value of the Columbia obstruction method lies in the fact that 
quantitative measures of the strength of a particulai drive can be 
made under varying conditions of physiological need A direct com- 
parison of the strength of different drives is practicable Avith this 
technique [32] Although this method has pioved to be one of the 
outstandingly effective techniques for measuring animal motivation, 
certain limitations should be noted No animal other than the rat 
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has been biiccestjfiilly tested by means of the obstruction method, even 
though a senous attempt was made to adapt the technique to monkeys, 
an animal family emotionally alleigic to electric curient Further- 
more, theie IS the possibility that electric shock, even in the lat, may 
distuib, m varying degiees, the noiraal lelationships between each and 
eveiy drive and its natural goal objects 



Fig 4 Columbia obstruction apparatus, 

A ^ entrow® compartment, 8 — electric grid, C •• Incentive compartment 

Mothods of Studying Incentives or Goal Objects 

The drive mechanisms aie characteristically investigated by holding 
the incentives constant (or relatively constant) and studying the effect 
of the systematic introduction of vauable expeiimenta! conditions 
upon the strength oi frequency of lesponse Similaily, the lole of 
incentives as motivational forces has been studied by holding diives 
constant and measuring the strength oi fiequency of response to 
vanous incentive conditions oi othei i elated environmental factois 

When drive conditions are held constant, vanous incentives have 
differing motivational values The detailed studies of food pieferences 
are good examples of incentive preference investigations Young [37] 
has shown that food incentive preferences in the rat form a transitive 
series and become moie consistent with practice He also found 
that the form of the apparatus has an effect upon incentive pieferences 
Thus, when the stimuli to be disci iminated were close together and 
their position constantly interchanged, the choice was made on the 
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basis of iiead lecepfors — those of taste, smell, and vision If, on the 
othei hand, the foods were ^tidcly separated and kept in fixed positions, 
the prefeiential choices weie based to a laige extent on bodily needs 
and metabolic state Figme 5 ilJustiatea an apparatus now being 
used in preference studies 

There is a wealth of investigations demonstiatmg preferential food 
incentives foi many animals — rat, pig, cow', monkey, chimpanzee, and 
man The lole played by pieforential incentives, the appiopriate 
goal objects, to the piiinaiy diives other than luingci, has not been 
investigated as widely, as accurately, or in such detail There aie, 
liow^evci, many leseaichea showung that pieferential incenti\es appro- 
priate to the thiist, sex, inatcinal, and temperature du\eb do exist 
and play an impoitant lule in diiectmg behavior. 



Fig 5 Young’s preference-testing apparatus 
A = efltranco chamber, B ^ to»t chomber, C® food chokei* 

Incentives are effective motivational agents only if they are appro- 
priate to some paiticuiai cin\e Thus v\atei is an eftective incentive 
only if the animal is thirsty This basic lelationship between incentive 
and drive was clearly demonstiatcd in studies earned out by Tolman 
and coworkeis [30] on maze leaming Hungiy animals weie found 
to peifoim efficiently on mazes only if they had been rewarded with 
food on the pievious tiial, and thiisty animals, only if they had been 
rewarded with water on the pievious tiial 

The role of incentive appropnateness has been mducctly lecogmzed 
m many motivational studies In studying the hunger, thirst, mater- 
nal, or exploratoi’y diive by means of the Columbia obstruction 
method, an appiopriate incentive is always offered in the incentive 
chamber 

The appropriateness of particular incentives to particular drives 
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I’Gstb Upon a biological basis— the mcenthes aie especially efficient 
agents fui reducing physiological tensions undei lying the drive mech- 
anisms By association oi conditionmgj honevci, pieviously uidiitei- 
ent incentnes may become goal objects foi paiticulai du\cs Such 
second-oidei incentives have been demonstiatcd by using conditioning 
and maze'-leaining techniques and the Skinnci bo\ appaiatus 

Chimpanzees will woik to obtain chips from a \ ending machine 
and mil utilize these tokens appiopnatcly to obtain food and activity 
lewards [34] Some animals will collect as many as thiity tokens 
befoic exchanging thorn for food Simple habits have been established 
using “poker"-chip token incentives instead of food [5] The general 
method has been U‘^ed with limited success on lats and dogs and would 
be of the gieatest potential value in the analysis ol complex motiva- 
tional factors if it could be made readily adaptable to the study of 
animals other than the cliinipanzcc 
The method of incentive faciliUitron has been used in investigating 
the lole of social mcentnes m many animals, paiticulai ly with regard 
to eating behavior Thus it has been shown in hen [1], lat [12], 
and monkey [13] that the presence of other members of the same 
species may mciease the rate ol feeding oi the total amount of food 
consumed or may lemduce eating m an animal pieviously satiated 
Drive IS held constant in these studies, and only the facilitating 
incentive, the social incentive, is varied 


TECHNIQUES OF MEASURING DISCRIMINATION 

The investigation of the ability of animals to discriimnate between 
diffeient stimuli is important, smeo leceptive capacities aie basic 
factors mfluencmg all behavimal adjustments, innate and acquired 
Stimulus receptivity is nieasm’ed in subhuman animals by consist- 
ency of 1 espouse to a particular stimulus-cue when all other conditions 
are constant or controlled Consistency of response is statistically 
defined and must be sufficiently rigid to exclude explanation in terras 
of chance factors The response itself may be a VLSceial response, 
such as salivation, a skeletal response, such as limb flexion, or the 
end lesult of some complex pattern of response, such as always choos- 
ing the blue stimulus and always avoiding the yellovs^ Discrimination 
can be tested only if the animal perceives the stimulus and can be 
induced to respond to it Since neither of these conditions can be 
proved beyond question, negative results, faitoe to demonstrate dis- 
onminative abilities, are always open to question, as many competent 
psycliologists have found to their regret 
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The uppei and lowei liinens or limits of leccptiMty aic cominonJy 
measured by demonstiating consistent lesponse to one stimulus and 
consistent failure of icsponse to anotliei Stimulus difteientiation, 
including difference limcns (the minnnal stimulus difteiences to which 
consistent difteiential lesponse is made), is ficciueutly measuied by 
consistent selection of one stimulus and a\oidance of the othei 

Disci imination in subhuman animals has commonly been measured 
by foui diHeicnt types of lesponse, the fiiat two types may measuie 
unlearned responses, but the last ti\o alw'ays involve training Thc'ie 
foui types are as follows (1) consistent unlearned lesponses, changing 
in a piedictable mannei , following changes in a stimulus, t21 consistent 
preferential responses to multiple stimuli, (3) Icainod diffeientiation 
of successively presented stimuli, (4) learned diffeientiation of simul- 
taneously piesented stimuli 

Represen tati\ e techniques employed in the measuiement of dis- 
criminations in subhuman aminals, and the associated pioblems, 
limitations, and particulai merits of the vaiious lepiesentative tech- 
niques may be adequately discussed m teinis of these foui types of 
measures 


Consistent Unlearned Responses, Changing in a Predictable Manner, 
Following Changes in a Stimulus 

When an animal climbs a slope, the pull of gravity stimulates cuta- 
neous and kinesthetic receptois As the steepness of the slope 
increases, the effects of the pull of giavity on the climbing animal 
become greater, and the leceptors are presumably subjected to greatei 
mtensity of stimulation The ability of rats to respond to such 
stimulation and to make diffeiential responses to differential stimulus 
intensity was demonstrated by Cioziei and Pinous [6] Inexperienced 
and immature rats, whose eyes had not yet opened, were used as sub- 
jects, and tests were made under low red-light jllumination Typical 
results are illustrated in Fig. 6 The comiatent unlearned responses 
are the rats’ climbing angles (^) across the wire mesh grid, and these 
change m a predictable manner when changes occur in the stimulus, 
which IS the angle (a) of inclination of the wire mesh grid to the hori- 
zontal plane 

Thus Fig 6 shows climbing angle 6 to be 46 degiees when the angle 
of inclination a of the giid is 20 degiees, and 0 inci eases to 88 degrees 
when a is inci eased to 70 degiees 

If an animal is restrained in a box, as illustiated m Fig 7, and its 
head is held relatively immobile, automatic optokmetic oi optically 
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induced ny&tagijuc leactjons wjII take pkce wlien a scuos of Jnies Js 
routed across the Msual field As the stimulus of line width is 
reduced; the unlearned nystagmic lesponses change m a consistent; 
piedictable manner until finally no measurable nystagmic i espouses 



Test A Test B 

Rg 6 Crozler’s geotropism test 

Tojl At Anola or ^ grid (ncKnatfon *« 20^ Angla 0 «= dfmbfng anglo ^ 45® 
Teit Si Angb a. grid IncKnatfon « 70®, Angla ^ ^ cKmbfng angle = 80®* 



Fig 7 Smith's apporatus for measuring optokinetic responses In mammals 

A ^ sloKonary redralrilng box, S^ B* •= frame of rotating cylinder, C = tbreads, diameter a* 
dulred; D viewing Kjbe 

oceux At this point a reasonably accurate measure of inmimum 
separable visual acuity is obtained 
This technique, extensively used by Smith [ 28 ] and associates to 
study visual discrimination in both normal and biam-injured animals, 


IS kno\Mi to be applicable to man> mammals Smith's tcchnicjae 
enabled him to test many subjects tapidly and elRciently In this 
legal cl^ use of the method gives an admirable illustration of the fact 
that consistent unleainecl lesponscs tan often be measuied inoie 
rapidly than ieained lesponscs, an impoitant practical conclusion if 
laige groups of animals aie to be tested Furthermore, unlearned 
1 espouses can be used to measure recei)tive capacities in animals, even 
though the ability to learn has been impaired oi abolished by 
extensive cortical damage Indeed, the only justification foi the use 
of tiainmg methods as techniques foi the ineaHuiement of sensory 
capacities lies m the fact that gicatei piecisiun has been obtained 
with leainmg procedures 


Consistent Preferential Responses to Multiple Stimuli 

Piefeiential disci iniinatoiy responses based on gustatory-olfactory 
cues weie demonstiated m the rat by Richtei [26] , using an apparatus 
such as that in Fig 8 The small tubes weie filled with various foods 
in aqueous solution, and the subjects showed an amazing ability to 



Fig 8 Richter’s self-selection feeding cage and food receptacles 


discriminate between the contents and select solutions conducive to 
the maintenance of appiopiiate bodily economy 

Unfortunately prefeiential disci immatoiy responses are compara- 
tively inaccurate foi receptor systems othei than the gustatory-olfac- 
tory Yoshioka [36] demonstrated that lats will eat a greater number 
of large sunflower seeds than small ones and that this i espouse is 
dependent upon visual cues The preferential lesponses demonstrated, 
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lionevoi, i\ie compaiatKcly gioss Prctciential di‘!>ciiminatoiy 
responses have been induectly demonstiatcd by showing that cinck*, 
lats^ inonkevs, and chimpanzees leain bettei ^\lien eithei laigei 
amounts oi moie highly pielencd kinds ol food aie used as incentives 


Learned DifFerentlaticn of Successively Presented Stimuli 

Sensory discnmmation m animals may be tested by tiaming the 
subject to lespond consistently ^\heDe\ei a paiticular stimulus is pre- 
sented and not to lespond whenever 
eitlioi (a) no stimulus is presented, 
01 (b) a different stimulus is pre- 
sented This technique is commonly 
used when scnsoiy abilities aie tested 
by conditioning methods, which were 
desenbed in detail m Chaptei 2 
This geneial method was used by 
Haiiis [15] to test auditoiy acuity 
in monkeys by means of the sta- 
bihmeter showui in Fig 9 The 
stabilimetei is essentially a cage sus- 
pended fiom a sensitive metal bel- 
lows Responses by the subject pro- 
duce cage movements wdiich can be 
obseued easily oi lecoided mechan- 
ically Tiaining is eairied out by 
presenting the conditioned stimulus, 
a tone, and tlicn presenting the 
unconditioned stimulus, a shock, 
administered by applying current 
fiom the flooi of the cage, to a wire- 
wound leather harness strapped to the monkey 

The stabilimeter is an adaptation of a rotating-drum apparatus [7] 
used ui testing absolute intensity thresholds in guinea-pigs and cats 
The animal was placed in the movable dium, and the conditioned 
stimulus, a tone, wag presented. If the subject made no movement 
of the dyum wdien the tone was sounded, it received a shock, if it 
did move the drum, it w^aa not shocked By this method the numbei 
of electric shocks, which can easily disiiipt learning, was kept at a 
minimum 

The general technique deaciibed m this section— the learned diftei- 
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Fig 9* Stabilimeter for testing 
auditory acuity In the monkey. 

A «* r^ttrofnlno cago, fl metal bef 
lows, C =3 wtre^wound harness, 0 ™ lood- 
ipeakef 


cntiation of stimuli successively picsontcd — has proved particularly 
valuable to comparative psychology in mea^^urmg auditory capacities 
and especially in the deteimination of lower hmens Tlie gcncial 
technique can, of coiuae, be u«erl in mcnsuiing othei receptive capaci- 
ties and in the deteimination of ditlcionce limens as veil as lower 
limens Any assumption, howevci, that discriminations, other than 
auditoiy disci mnnations, aic measmed better by methods in which 
the stimuli aie piesentcd successively instead of sumdtaneously is not 
substantiated by the most piecise studies on either subhuman or 
human subjects* 



Fig 10 Yerkes-Watson box* 

A — enlranca box, B reoctfort comporfmont, C* « itlmull, 0 «l*drlc orld, F = food com- 
pGi1m«nh 


Learned Differentiation of Simultaneously Presented Stimuli 

Most of the investigations on sensory disci imination by subhuman 
animals have used techniques which involve simultaneous presentation 
of the stimuli This geneial technique is highly efficient if tlie appa- 
ratus used 18 designed m accoiclanec with basic laws of leaining and 
IS adapted to the animal subject 

TIio Yeikes-Watson disci imination box [€], illustiatcd in Fig 10, 
afforded admiiable contiol ovei the physical cbaiacteiistics of the 
stunuli but suffered fiom certain limitations (1) the stimuli were so 
an’anged that the animal would not be assured of attending to and 
perceiving the stimuli when responding, (2) the incentive foi coriect 
response was not m close spatial contiguity with the stimuli — ^the sub- 
ject actually had to run away })om the stimulus to get the rewaid, (3) 
the incentive for a response to the correct stimulus was tempoially 
distant from the correct stimulus, theieby delaying reinforcement. 
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These limitations weie overcome in the La^hley [23] jumping- type 
discnminatmn appaiatus (Fig 11), m which the lat subjects vere 
immediately rewarded for a coiiect lesponse to a stimulus easily 

peiceivod during the piocess of 
responding The rat jumps fiom 
a heart-shaped platfoim having 
one crest pointing to the coircct 
stimulus and the othei crest to 
the mcoiiect stimulus, acioss a 
gap to a stimulus If the choice 
IS ooirect, the caid on which the 
stimulus is msoubed fails, and 
the animal reaches the food 
platfoim and can immediately 
obtain food, if the choice is in- 
conect, the caid icmains in 
place, and the lat falls into, and 
IS retrieved fiom, a net below 
Fig n » lashley's |umplng-type discrlm- The importance of appaiatus 
ination apparatus design is illustrated by the dis- 

lumping = coiery that lats IcQtn simple 

biightness discriminations much 
more rapidly in the jumping box than in the Yerkes- Watson appai atiis, 
and by the fact that fonn disci iminations which cannot be solved with 
the Yerkes-'Watson apparatus aie mastered without undue difficulty iii 
the Lashley jumping box 

The success of the Lashley appaiatus does not depend upon the 
jumping response, since efficiency has been achieved with other appa- 
ratus which present the stimuli in such a mannei that they are leadiiy 
pel ceived, and the rewaid is in close temporal and spatial lelationship 
to the correct response Fields [9] successfully used discnmination 
apparatus in which lats and raccoons ran imde? the coriect stimulus 
and were immediately rewarded Eats will also learn discriminations 
with ease if they lun thiough freely swinging cards placed at the end 
of a forked elevated runway 

An entirely different type of discnmination appaiatus was designed 
by Kluver [19] and called the “pull-in’^ technique, a technique used 
with success m studies of rats, monkeys, and chimpanzees As seen in 
Fig 12, strings are attached to the stimuli, and the end'i of the strings 
placed within reach of the animal During the time the subject pulls on 
the string he can scarcely avoid perception of the stimulus If the conect 
stimulus IS drawn in, the animal immediately finds food ;wst behind 
the stimulus A possible limitation of the method bes m the fact 
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that the animal must engage m lairly e\ttn^l^c manipulations before 
being lewaidcd (oi not regarded) for response to the coirect (or 
mcoirect) stimulus 




Kluver’s [20] ^^form-board^* technique (see Tig 13) has received 
little attention, although data obtained by Kluver and by others [14] 
has indicated that it attains unparalleled efficiency m disciimination 
tests on monkeys The Kluvei “form board^' meets all criteria of a 




good djsci jminat Jon apparatus aud has in addition the meijt of 
complete simplicity Its primary limitations he in lack of con- 
trol of the physical propeities of the stimuli used and m the fact 
that its adaptability to testing subprimatc animals has not ijet been 
demonstrated 

No discussion of visual discrimination is complete without noting 
the great emphasis ^\hich has been placed on utilizing efficient appa- 
ratus and the little emphasis on utilizing efficient stimuli Kohts^s 
[21] woik on the chimpanzee indicated that stereometnc objects 
(three-dimensional objects differing m over-all size and form) aie 
much more easily disci iramated by the chimpanzee than are the types 
of stimuli (designs painted on flat sui faces) commonly used in com- 
parative psychology laboratonos, and it is not unlikely that this 
finding would hold good for many other species Hailow has demon- 
strated that monkeys leain to discriminate stimulus objects differing 
in color or total form moic readily than stimuli differing only in then 
inscribed patterns [14] 


TECHNIQUES OF MEASURING LEARNING 

Comparative psychologists have given more attention to problems 
of learning than to any othei single field In spite of this fact, the 
number of new and distinctive techniques devised for the study and 
analysis of learning phenomena is suipnsingly hmitecl 
Many studies on the analysis of learning and the factois influencing 
leainmg have used the same techniques that have been developed for 
studying discrmunation and motivation, or slight modifications of these 
techuiques 


Adaptation of Discrimination Learning Techniques to Other Learning 
Problems 

As has already been described in Chapter 2, the conditioned reflex 
methods and techniques have been used in the analysis of the basic 
phenchnena theoietically undeilymg the leainmg piocess and in the 
attempted analysis of more complex forma of learnmg, the so-called 
higher-order conditioned leaponses 
Recently a senes of conditioning studies [17] was made, using the 
Skinner box (see Fig 3) for analysis of some of the more basic con- 
ditioning phenomena, such as reinforcement, extinction, generalization, 
and 1 elation of drive to learmng 
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Conditioning techniques ha\e pioved successful in detailed and 
quantitative analysis of the phenomena undei lying conditioning 
Tlieie IS no leason, howevei, to assume that these icsuUs or these 
phenomena have wide geneiahzation to all learning situations Con- 
ditioning techniques have not been successfully adapted to tlic study 
of more complicated kinds of learning 
The typical dxscnmxnation techmquesy in which two or moie stimuli 
aie simultaneously presented, ha\e been frequently used in then 
original oi modified foim m the study of the phenomena of learning 
Both the Lashley jumping box and the Klu\er ‘Torra board" (see 
Figs 12 and 13} have been used to test the ability of vaiious animals 
to respond to some generalized foim, such as "triangularity/^ and to 
avoid all other forms 

The natuiG of the results may be indicated by noting that Fields [8] , 
ID a compiehensive study, was able to tram rats to respond to the 
triangle without regard to size, rotation, color, or number Fmthei- 
moie, the lats weio able to distinguish the triangles from a host of 
diffeient negative figuies After Fields' oiiginal study, investigators 
have used discrimination techniques to measuic similai abilities in 
cats, dogs, raccoons, monkeys, chimpanzees, and children Although 
the exact theoretical impoii; of these studies has occasioned dispute, 
the tests show how effectively disci immation techniques may be used 
m the investigation of more complicated leainmg problems 
A host of leainmg problems of widely varying complexity has been 
studied with slight adaptations of accepted standaidized discrinoma- 
tion techniques discrimination box, jumping box, and "form boaid" 
(see Figs 10, 11, and 13) Thus "hypotheses" in rats have been 
investigated, delayed responses in rats, monkeys, and chimpanzees 
tested, and the ability of lats, monkeys, and chimpanzees to compre- 
hend differences (oddity) and similarities (matching) has been 
measured 

In comparative psychology the maze has been the most widely used 
apparatus foz investigations of learning It has been applied to the 
study of learning m the earthworm, cockioach, fish, turtle, rat, mon- 
key, chimpanzee, and man and has proved useful in testing a wide 
variety of conditions that influence leainmg, including spaced practice, 
delayed incentives, strength of drives, and factors of ago, sex, heredity, 
inanition, sensory control, and neuial injury 
Two kinds of mazes have been used^ alley mazes and elevated 
mazes, as illustiated by Figs 14 and 16 Alley mazes are passageways 
of wood or metal, usually covered by haidwaie cloth Elevated mazes 
are narrow wooden lunways, an mch wide oi less, raised 1 to 3 feet 
above the ground Duect compaiison of homologous patterns mdi- 
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cates that lats leain inoie loadily on the elevated than on the alky 
fuim 



Fig 14 Ekvated maze 

A = itarifng po(n^, B *= food pofnr, C*, C*, » corrwt pathways, 0\ D*, D* »« Incorroct pathways 

or oils d«.soc. 



Fig 1 5 Alley maze with four culs-de-sac, 


Intensive research has been done on the nature of the pattein in 
mazes, le, the nature and. arrangement of the correct pathway unrts 
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and the culs-de-sac, oi incoiicct pathway units In the eaily mazes 
the individual units, buth tiiic pathways and culs-de-sac, differed 
gieatly in form anrl in length The more recently developed mazes 
attempt to equate the physical piopeities of all inJividual units, with 
the lesult that multiple T- or U-shaped units aie commonly used 
Such mazes have pio\ed fai mme lehablc than those in w'hich the form 
of the choice ptnnts oi the lengths of the indmdual units cliff ei 

The limitations ol the maze lie in the fact that different species 
adapt to it wntli vaiying success (a superior rat will do better than the 
average college student, the inferioi college stmlcnt may be surpassed 
by the cockroach j, and that it appaicntly tests a limited form of 



Fig 16, Maler's reasoning test 

See text for explonoHon 


learning, a kind of seiia] learning In tins regard it should be noted 
that rats selectively bred to be maze geniuses show no unusual abilities 
on othei learning appaiatus [31] 

The maze, particularly the elevated maze, may be adapted for use 
ir other problems, possibly mcaauung moie complicated learning 
functions 

Maier's leasomng test [24], as shown in Fig 16, is a case in point 
The rat is first allowed to explore the entire situation (expeiience I), 
and then is placed on one of the tables {A m Fig 16) and given food 
(experience II) Tlie rat is then placed on a different table {S in Fig 
16) from the one on w'liich he received food, and the pioblem is to 
combine experiences I and II and iinniediately go to the food-rewarded 
table 
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Adaptations of the elevated maze appaiatus have also been exten- 
sively used by Tolman and his associates [30] in the demonstration 
of insightful and ideational behavior in the rat These mvestigatois 
deinonstiated lapid and appropriate selection between alternate path- 
Ava>s after established habits had been altered by changed motivation 
01 by mechanical obstiuction of piefened pathways 


Food box 



Fig 17. Maze used to demonstrate inferential expectation based on 

perception. 

Sao laxl for axplanollon 


In Fig 17 IS shown a maze used by Tolman and Honzik to demon- 
strate inferential expectation based on perception In this maze a rat 
may go from starting place to food box by path 1, which is the 
shortest, path 2, the next shortest, or path 3, the longest Paths 1 and 
2, it should be noted, have a section which is common to both and 
not common to path 3 During preliminary training path 1 was 
blocked at A, and the lats learned to back out of path 1 and take 
path 2 Only when path 2 was blocked at C did they choose path 3 
In the final tests the block was placed at B acioss the common section 
of paths 1 and 2 Almost all the rate then backed out of path 1 and 
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chose path 3 lather than path 2 Since path 2 had previously been 
pieferrcd to path 3, it may be assumed that they had percei\ed the 
lelationship of the common path and ^hnfcried’^ that block B 
obstructed it 

In behalf of the maze it should be said that many diffeient kinds of 
learning pioblems may be investigated with it, that tests can be run 
rapidly ahd efficiently, that the maze may be made automatic if the 
expenmenter so desires, and that the generalized maze stiucture may 
be adapted for special learning problems 


The Problem Box 

Next to the maze, the problem box has been used in more studies 
in comparative psychology than any other apparatus One essential 
difference between these two instiuments is that the maze has com- 
monly given moie satisfactory and moie leliable data 

The problem box is usually a box with a door, which is restrained 
by some instrument a bai, book, string, latch, lever, plungei, chain, 
or ring Another form of pioblera box opens automatically when a 
pole, plate, oi senes of plates is touched oi moved A single restiain- 
ing device or multiple restraining devices may be used, in the latter 
case, these devices may be opened in any order, oi they may be opened 
only in some fixed order The animal may be placed m the problem 
box and the incentive outside, oi the animal may be placed outside 
and the incentive inside 

The results with most problem boxes have been far from satisfactory 
Difficulty has been encountered in maintaining motivation, efficient 
control of the stimulus conditions has not been described, and the data 
usually have low reliability In spite of all these difficulties, however, 
the problem box has been used in detailed analysis of the Jearnuig 
mechanismB in cats, m investigations of cortical lesions in monkeys 
and chimpanzees, in studies of age factors in lat leaining, and m the 
comparison of leanimg capacities in various species of mammals 


Multiple-choice Apparatus 

A number of different kinds of apparatus devised for the investiga- 
tion of complex learning problems require that the animal select from 
multiple stimuli One of the earliest was the quadruple-choice appa- 
ratus devised by Hamilton [11] The animal was faced with four 
different doors, and the only principle of correctness was that the same 
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variety of animal species, the^^c geneial techniques ofler many yet 
unexplored possibilities 


EPILOGUE 

The use of animals othei than man as subjects foi the expeumental 
analysis of behavior and its undeilymg mechanisms offois many 
advantages A far greater control can commonly be exercised over 
subhuman animals than over human animals, and this lelatnely high 
degree of contiol ovei the multiple organismic vauables adds much in 
the way of piecise experimentation The life hi'^toiy of the subhuman 
animal can be klio^\n and contiollcd, inhentance may be equated 
among groups or altered as dc'^iied, factoi‘3 of physiological state can 
be maintained constant oi varied at the expennientci 's will, and 
physiological or anatomical alterations can be effected with impunity 
The high degicc of contiol that the experimenter has o^er many van- 
ablea makes attainable a perfection of expeumental design that is not 
possible in all fields of psychological lesoaich 
In less than fifty ycais coinpaiatn e psychologists dcMscd and stand- 
aidized many types of appaiatus useful in the study of basic motives, 
simple social behavior, sensoiy capacities, and simple and complex 
learning phenomena 

The field of comparative psychology is still lelatixely new and by 
no means tlioroughly exploied New and moie efficient methods of 
measunng such processes as sensoiy disciimmation are still being 
devised, and techniques adequate foi effectively mvestigating the com- 
plex social and intellectual functions aie now' being developed In 
spite of the fact that all animal forms offei peculiar and individual 
advantages in the analysis of behavior, only one laboratory animal, 
the albino rat, has been exliaustively studied 
The only limitations of research in animal psychology are the limita- 
tions of the abilities of the subhuman subjects themselves They 
speak wuth difficulty, think with eiior, and are motivated by an even 
less than human type of altruism These limitations, however, are 
not limitations of method, and in ao far as the psychologist is mteiested 
m training m precise methods and experimental designs the field of 
animal behavior ofteis many and unusual advantages 
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Chapter 13 


Motivation, Feeling, and Emotion 

Paul Thomas Toung' 


The aim of this chaptei is to show what one does and how one does 
it in conducting an expeiiment upon the psychological piocesses of 
motivation, feeling, and emotion To accomplish this aim we have 
selected foi study a number of specific experiments 
The unity of the chaptei cannot be found in the methods, for they 
are diveise in natuie Unity lies in the fact that all these methods 
are directed toward the solution of a gioup of inten elated psychological 
problemb To understand the methods, one must know something 
about the problems To understand the pioblems, one must know 
something about the methods employed in then solution Piobleras 
and methods are eveiy where inteii elated 
For con^enlence the illustrative methods have been grouped undei 
three mam headings (1) methods employed m the analysis of human 
motivation, (2) methods for the study of feeling and evaluation, (3) 
methods for mvebtigating bodily changes of emotion The methods 
of studying animal diives have been considered m Chapter 12 


METHODS EMPLOYED IN THE ANALYSIS OF HUMAN 
MOTIVATION 

Motivation is the piocess of aiousing behavior, of sustaining the 
activity in progress, oi oi changing the pattern of contemporary 
behavior Some psychologists have limited the concept of motiva- 
tion to purposive, oi goal- directed, behavioi alone, but in the bioad 
meaning of the term all behavior, whethei pm'posive oi random, is 
motivated This means that all behavior is causally determined 
through energy transfoimations within the body 

A distinction is sometimes diavm between motives and incentives 

1 Professor of Psychology, Uni\ ersity of Ilhnoia 
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Motives are internal determinants of behavior and include oiganic 
states of hunger, thirst, fatigue, bladder tension, and sexual tension, 
as well as detei mining sets oi intention^v to act in some ^-pecific imnnei 
Incentives aie of tvo main kinds goal object's, such as food or mate, 
and the \arious spuis and checks to behavioi A woid of praise, a 
gold star placed after one’s name, a recognition of merit, the presence 
of a rival — these are incentives to action The distinction 'svill be 
illustiated in the methods described below 


The Method of Equivalent Groups in the Study of Incentives 

In most experimental woik a raajoi icquirement is to keep conditions 
constant except for one factor, which is systematically vaiied In 
studies of incentives it is customaiy to stait with several giuups of 
subjects which have been eciuated in initial ability, the amount of 
previous piactice, and other factois which may affect the quality of 
peiformance One of these groups as a control, and Jts members 
cany out the imposed task undei standaid conditions of motivation 



Flg» 1 Galtcn bar for studying Incentives In relation to visual space dis- 

crlmtnatlon 

By rotating th® rod doekwlio or coimt«rclockwlie, tJio subject can move the shield at the right of the 
holr line until the vWblo extent of the right appears equal to that on the loft or, as In the present ex 
periment, hWee that on the left 


The other groups carry out the same imposed task with difterent 
incentives and so compose what aie called expeiimental groups To 
illustiate the method of equivalent groups an experiment by Hamilton 
[13] will be cited 

The problem of Hamilton’s study was to compare the relative 
effectiveness of different incentives punishment, leward, punishment 
combined with active guessing, punishment combined W'lth passive 
mformation, knowledge of lesults 
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Tho appaiatus cmployod \vas a modified form of the Gallon bai, 
Fig 1 This instiument, invented by Francis Gallon, has been exten- 
sively \ised m experiments upon visual space perception It consists 
of a bar of pure v:h\te divided in the middle by a hair line To the 
light and left of the hair line are adjustable shields One of these 
shields IS fixed by the expeiimentci m a standard position The 
subject can move the othei by iota ting a light lod clockwise or 
counterclockwise 

In the expoiiment under consideiation a standard visual extent to 
the left of the hau hue was employed In an actual tnal the shield 
at the right was jilaced at the haii line, and the subject moved it in 
an outlaid diiection until he sati‘^fied that the variable extent 
was twice the standaid Aftei completing the adjustment he piessed 
a button to signal that the task had been completed 

On the level se side of the bai (not sho\\n in the illustration) were 
adjustable electiic contacts These contacts could be so adjusted that 
a bell would iing when the subject^s setting of the apparatus was 
within a certain lange of eiior oi when his setting was gieater than a 
specified range of enor 

On tlie first day of the expeument sixty subjects made a senes of 
settings of the Gallon bai Foi each subject the aveiage deviation 
from tlie objectively coirect setting was computed On the basis of 
the average errois Hamilton foimed six groups (ten subjects m each) 
of approximately equal ability 

On following days all the subjects continued their woik with 
the Gallon bar but under different conditions of motivation 

1 A contiol group received no special incentive The subjects in 
this group were instiucted, as on the first day, to set the instrument 
80 that the variable extent appealed to be twice as long as the standard 

2 The subjects in a punishment gioup were told that a bell would 
ring upon pi easing the button if the adjustment of the appaiatus was 
wiong 

3 The subjects in a rewaid group were told that a bell would rmg 
upon pressing the button if the adjustment of the apparatus was right 

4 The subjects in a giiess-with-punishment group were given the 
same instructions as those in the pumshment gioup^ but m addition 
they weie requned to guess the direction of then eriors, l e , whether a 
given setting was too short or too long They were not told^ however, 
whethei they had guessed coriectly oi inooiieotly 

6 The subjects m a told'^with-pum^hnicnt gioup w'ere given the 
eame instructions as those m the punishment gioup, but in addition 
every subject was consistently told the direction of his erroi 

6 The subjects in a knowledge group weie told by the experimenter, 
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in a mattei-of-fact ^oice, whethei each setting light or \vrong 
If wiong, they were told whether the setting was too hhoit oi too long 
No bell was used 

In defining a light and a Miong adjustment of the appaiatiis the 
aveiage eiioi was employed Since an aveiage error was computed 
for each subject separately, individual difteiences in the acuity of 
perception did not mattei For each subject light and wrong settings 
were about equally probable Moreover, as the expennient progiessed, 
the subjects improved m accmacy To counteract the effect of prac- 
tice a new aveiage euoi was computed at the close of each series 
Thus throughout the experiment light and wiong settings occuiied 
with about the same frequency 

In comparing the peifoimance of the gioups Hamilton used the 
average errors on the fiist day as a basis Foi each gioup he computed 
the peicentage of gam oi loss tluough piacticc The following figures 
summaiize the findings. 


Group 

1 Control 

2 Pnuishment 

3 Reward 

4 Guess-with-pumsliraent 
6 Told-with-punii^hment 
6 Knowledge 


Pl-RCEXTAfJF OP 
Initial Error 
127 
24 
28 
16 
20 
45 


As will be seen from the figures, the control group deteriorated, in 
the absence of any special incentive then final score was 127 pei 
cent of the initial score 

Punishment and reward weie not significantly different as incenti\ea 
In this experiment punishment and leward had the same physical char- 
acteristics, since iingmg of the same bell served for both The 
difference bet\seen rewaid and punishment was in the attitude of the 
subject In the punishment gioiip the subjects tried to prevent the 
ringing of the bell , wdien it rang, they showed disappointment, made 
a wry face, oi occasionally swore at the bell In the reward gioup the 
subjects tried to make the bell iing,^ w hen it lang, some of them showed 
satisfaction, they said, *'What a relief,” oi ‘^That’s better 
Fiom the standpoint of objective gam through practice the guess- 
with-pumahment and the told-with -punishment gioups were the best 
of all Guessing requires an active attitude toward the task which is 
highly effective when combined with pumshraent for erroia 
The subjects wuth knowledge of results made a marked gain through 
practice in a oompanson wuth the control group, but knowledge alone 
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was not as elective as the motivations \^hich contained a factor of 
lew aid 01 punishment 

Among the general conclusions Hamilton makes the arresting state- 
ment that the special incentnes ;yie]ded a gieatei aecuiaey of spatial 
disci imrnation tlian heietofore obtained m the w^ell-known laboratory 
experiment upon visual extent The conclusion is impoitant because 
it shows tliat in psychological experiments geneially the expeiimentei 
must control the motuation of the subject Other expenments might 
be cited to show that leaction time, the strength of pull on a dynamo- 
meter, the score in an intelligence test, the amount of type set per 
hour, and othei measured vanables of peifuimance depend upon the 
subject^s motivation 


Approaches to the Analysis of Determining Sot 

The concept of a determining set anses m almost every field of 
expeiimental psychology It is iinpoitant in studies of leaction, 
learning and lecall, perceiving, thinking, and other piocesscs In 
laboratoiy situations the task (Aujgabe) given to a subject by the 
instruction pioduces a set {Eimtelluiig) which is a highly significant 
deteimmant of peifoimance 

Even if the subject has foi gotten the instruction, theie is a determin- 
ing tendency (deteyrninieiende Tendem) which acts as a selective and 
pattermng agent For example, if the subject has been mstiucted to 
add, the numbers 6 anti 4 evoke the response 10 If he has been 
mstiucted to subtract, these same numbers elicit the response 2 

Gibson [11] has pointed out that in contempoiaiy psychology the 
term has seveial diflcient meanings Some of these are illustiated 
below 

Two examples of experimental method in tlie analysis of detei mining 
set have been selected' liist, tiie conditioned-response method com- 
bmed with control of instiuctions, second, the method of controlling 
the subject’s set by piesenting spatial patterns, point by point, and 
lequmng the subject to repioduce the patterns immediately 

The first illustration is taken from the woik of Hilgard and his 
collaborators [14, 16] They systematically vaiied the instructions 
to the subjects m an experiment dealing with conditioned disci imma- 
tion Their woik is impoitant in that it demonstiates a difference 
between two kinds of set — expectancy and intention— in the acquisition 
of a conditioned discrimination 

In the investigation the eyelid leflex was used as the unconditioned 
response A puff of air delivered to the eoinea of the left eye produced 
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reflex closure of the lid This reflex was conditioned to the illumination 
of a small window in front of the subject 
There were, in fact, two small windows, each 10 ccntiineteis square, 
at a distance of 40 centimeteis in fiont of the eyc^^ Illumination of 
the window at the left was the 'positive stimulus, the illumination was 
invariably followed, after an interval of 0 6 second, by a puft of an 
to the left eye Illumination of the window at the right was the 
negative stimulus, this illumination was never followed by an an puff 
On the fiist day of the experiment only positive stimuli were pre- 
sented On the second and third days both positive and negative 
stimuli w^eie employed with equal fiequeney in a haphazard order 
Sixty subjects paiticipated in the investigation These were divided 
into five gioups of twelve each Only three of the groups are heie 
coneideied, and only the lesults foi the first 2 dayb 
On the fiist day each subject was given sixty paiied presentations 
of light followed by air puff The piesentations were spaced at 
appioximately 30 seconds, and there was a 2-minute rest period 
between successive groups of twelve presentations No special instruc- 
tions were presented In this lespect the work was similai to animal 
experiments upon the conditioned reflex 
On the second and thud days the gioupa were treated differently 
The subjects m Group A seived as a control They were given no 
special instioiction and no information, they w^ere treated m the same 
mannei thioughout the experiment The subjects in Gioup B had 
knowledge of conditions They were told that the illuinmation of the 
window at the left would be followed by a puff of air on the cornea 
oi the left eye and that the illumination of the wmdow at the right 
would not be followed by an air puff In Group C the subjects also 
had knowdedge of conditions, but m addition they were instructed 
to react as promptly as possible to the positive stimulus and to refrain 
fiom reacting to the negative stimulus The subjects in this group 
had knowledge phis an intention to behave in a specific manner 
Some of the results of the expel iment are presented giaphically in 
Fig 2 The thiee cmves on the left shuw that foi all subjects the 
frequency of OR mcreased with piactice on the fiist day The three 
curves on the riglit are of special interest in that they show differences 
dependent upon the instruction of the subject 
The subjects of Group A, without special instruction, lesponded at 
fiist to the negative stimulus In other w^oids, the CR was generalized 
With lepetition of positive and negative stiniuh, however, a condi- 
tioned discrimination was built up 

Group B, with knowledge of stimulus conditions, differed fiom Group 
A at the start At the close of the day, however. Groups A and B were 
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Day 1 Day 2 

F(g 2 The effect of knowledge of conditions and voluntary set upon the 
course of conditioned discrimination 

Each point on tho curvoi reprosonti the percentage of conditioned eyelid reiponsei aroused by It- 
lumlnatlon of a small window Each percentage Is bated upon the retponies for a group of 10 
svb|ecti with 12 trloU per subject Suocessfve trlols ore repreiented on the bate line from lefi to 
light 

The three graphs at the left ihow the gradual Increase In the frequency of CR with prodIce The 
three graphs at the right ihow changes In the frequency of CR on the second day of the experiment 
Conditioned responses to a positive stimulus are shovm by a solid line and those to a negative stimulus 
by a broken line 

The differences In [nshuctlon omong the three group* of subjects are described In the text» (After 
Hllgard and collaborotors [14].) 
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'-innlai Wc R'-sumc that the infonnation given to Gioup B built 
up in these subjects an expectancy T^hlch gave them an initial advan- 
tage ovei Group A AVith repetition Gioup A m some inannei learned 
to disci iminate between positive and negative stimuli, and so m the 
end the two groups weie not unlike 

Group C, with knowledge plus an intention, made a marked dis- 
ci imination beh\een positive and negative stimuli at the start With 
practice the frequency of discrimination inci eased It is assumed 
that the set to react to the positive stimulus and not to the negative 
stimulus IS an important factor underlying the results 
A companson of the results foi Groups B and C supports a dis- 
tinction bet\\een detei mining set in the sense of ex^peciancy and 
deter mining set in the sense of intention 
Incidentally, all eyelid icactions were recorded with the Dodge 
pendulum-photochronograph (see page 616) The photogiaphic 
lecords shoi\ed the magnitude of the response as well as the latency 
of both conditioned and unconditioned reactions 
The second illustiation presents a v^ery different expeiimental 
method foi the study of determining set In the investigations of 
Compton and Young [8] and Thomas and Young [33] the general 
plan was to control determining set directly by piesenting spatial 
patterns, point aftei point, and instructing the subject to reproduce 
these patteins immediately In the vicinity of the subject lights were 
flashed, buzzers sounded, contacts made wuth the skin After a seneB 
of such point stimulations the subject attempted to indicate the 
positions and sequence of the stimulations 

Under the general instiuotion the successive stimulations from 
diffeient points m space built up a determining set The subject acted 
immediately upon the basis of hia set, leproducmg or attempting to 
leproduce the pattern The investigation as a whole was concerned 
with the relation betw^een set and the sensory mode of presenting 
patterns and the motoi mode of reproducing them To what extent 
do cential and peiipheial processes entei into the bodily mechanism 
of determining set? 

In the fiist experiment patteins were presented to the eye, the ear, 
and the skin, singly and in combination Each pattern consisted of 
SIX point stimulations given successively from five positions The 
subject was instructed to reproduce the patterns immediately by press- 
ing keys which corresponded in position to the sources of stimulation 
The plan of the experiment will be made clear by lefeience to Fig 3 
Patterns weie presented visually by the successive flashing of lights 
located at the points maiked A, B, C, D, E In other trials the same 
patterns weie presented to the ear by successive sounding of electric 
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buzzers located at Q, R, S, T, U The buzzeis were separated eo 
Ttidely that there was no error of sound locaJizatioi] The same 
patterns were also presented to the sense of touch by a senes of shaip 
contacts The subject was instructed to lest his foiearms on the felt 
pad upon the table Theie w^eie five holes through this pad at points 



Fig 3 Apparatus for presenting spatial patterns, point by point, to the 
different senses (After Compton and Young [8]») 


designated 7, J, iC, L, M Through each hole a sharp point (actuated 
by a silent electromagnet) made contact wuth the skin The same 
patterns, moreover, were presented in mixed modes to the eyes and 
ears alternately, to the eyes and skin alteinately, to the eais and skin 
alternately, and to all three senses in rotation (eye-ear-skin) 

The subject reproduced or attempted to leproduee all patterns 
immediately after their piesentation by pressmg five signal keys 
located at 1, 2, 3, 4, 6 Prom the point of view of the subject the 
signal keys had the same angular sepaiation as the lights, the buzzeis, 
and the contact points 

Before considenng results let us turn to the second experiment In 
the first experiment theie were seven modes of presenting spatial 
patterns and only one mode of reproducing them In the second 
experiment there was only one mode of presenting patterns All pat- 
terns were presented to the eye by the successive flashing of six hghts 
located at 1, 2, 3, 4, 6, 6 (Tig 4) There were, however^ seven modes 
of reproducing the patteins through three motor systems employed 
singly and in combination 

On a given trial, for example, the subject was instructed to repro- 
duce a pattern by hand Throughout the trial the woid hand was 
exposed at point X, Fig 4, to indicate tliat the hand alone was to be 
used m leproducing the pattern With this mstruction the subject 
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piossed the keys located at G, H, J, K, L If the inatiuction ^\as 
foot, the subject reproduced the pattern by pressing the pedals M, N, 
Pf Qf R If the instruction lead head, the subject reproduced tho 
pattern by pressing head keys conveniently located upon an arc at 



Fig 4, Apparatus to control the motor mode of reproduction of patterns 
presented visually, point by point (After Thomas and Young [33].) 


A,B,C,D,E,F There were, moreover, mixed modes of reproduction 
in which the subject used alternately the hands and head, hands and 
feet, head and feet, or all three motor systems m rotation (head- 
hand-foot) 
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In both oxpeiiments a buzzer scned as a foicsignal, commcnrmg 
2 scTonch befoie the fii^t stimulation Tlic point stimulations folkm eel 
each other without pause, each lasting foi 0 7 second 
In both experiments the pattcini weic conti oiled by a telephone 
switchboaid remote bom the subject On this s\Mtchboaid the flash- 
ing of lights indicated to the expel imentcr that a pattern had been 
eonoctly reproduced oi that there were omissions oi transpositions in 
the attempt of the subject to icpiodiice a given pattern 
Some of the moic geneial lesults of these two expeiiments aie as 
follows A coiielational analysis of the scoics for coirect lepioduetion 
of patteins showed that the xelative difficulty of reproducing different 
patterns depends to a high degree upon the space-time lelationships 
of the point stimulations If a pattern is difficult when piesented to 
the eye, the same pattern is difficult when presented to tlie ear oi to 
the skin If a pattern is difficult when repioduced manually, the same 
pattern is difficult when leproduced with the pedals or with the 
head keys In other words, difficulty lies in the sequence of point 
stimulations 

It was also found that, if a subject makes a relatively high score in 
reproducing visual patterns, he tends to make a lelatively high scoie 
m leproducmg auditory or tactual patteins If he makes a relatively 
high score wffien icpioducing patteins wuth his hands, he tends to make 
a relatively high score when repioducing them with Ins feet or his 
head In otbei words, theie is a factor of cential ability in accepting 
a set and acting immediately upon it 
Tliere is, howovei, good evidence foi the importance of peripheral 
factors in determimng set In geneial, the single modes of presenta- 
tion (one sense) and repioduction (one motoi system) give highei 
leproduction scores than the mixed neodes (two oi three senses oi two 
or three motor systems) Also there are diffeiencee among the senses 
and the motor systems which may depend upon familial ity or some 
other condition 

The investigation as a whole demonstrates that both central and 
peripheral piocesses enter mto the bodily mechanisms involved in 
accepting a determining set and acting immediately upon it 


The Technique of Goal-setting in Experiments upon the Level of 
Aspiration 

The experiences of success and failuie aie lelative to some norm If 
a high jumper places the cross-bai at 1 foot, he will not experience 
success, because the jump is too easy If he places the bar at 8 feet, 
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he will net expel lence failuie, because for him the jump is impossible 
If he places the bai at 5 feet, he can ‘Sometimes clear it but raoio 
commonly he misses The expeiiences of success and failure aie 
cleaily lelatue to the goal \\hioh has been set If a perfoimance is 
bcttei than tlic goal ^^hlch has been set, the individual experiences 
success, if pooiei, he experiences failuie The experiences of suc- 
cess and failure are also relative to the peiformance of a group, 
success being a lelatively good peifonnancc and failure a relatively 
poor one 

In their caily expeiiments upon the setting of goals Lewin and 
his students were concerned largely with the evpenences of success 
and failure Mure recent work in America has led to objective 
formulations 

In expenments upon the level of aspiration (translation of the 
German Ampnicksniveau) the subject is required to make a public 
declaiation of what he aims to achle^e A second requiicment is that 
the information be put in quantitative terms A variety of experi- 
mental tasks which meet these requiicmcnts lias been used throwing 
darts at a target, running a maze of given complexity, sorting cards, 
writing letters in code, adding 

The level of aspuation can thus be expressed in terms of a unidimen- 
sjoual quantitative scale of difficulty The actual level of performance 
IS measured on the same scale The difference between the level of 
aspiration and the level of peiformance is known as the difference 
score 

In addition to the diffeience score other measurements ha%e been 
employed in experiments upon the level of aspiration The height, 
expressed directly m units of the scale of achievement, is a useful 
measure in comparing individuals and m studying the successive goals 
set by an individual The i igidity of an individual (or conversely his 
mobility) IS a measure of the frequency of changes m the level of 
aspiration or the total magnitude of such changes The i esponsiveness 
of a subject is measured by the nunobei of times he lowers his goal if 
the preceding pexfoimancc was poor and the number of tunes he raises 
his goal if the preceding performance was good 

In a critical leview of methodology m expenments upon the Jevel 
of aspiiation, Rotter [29] pointed out that theie is ambiguity in the 
instruction AVhat score wull you get next time? Some subjects respond 
to this question in teims of a hope or wish Otiieis respond to it by 
indicating an objective judgment or expectation based upon experi- 
ence Still others respond in terms of a compromise between wish 
and objective judgment 

If it were possible to lemove this ambiguity, two forms of goal 
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setting would lemain fiist, a wishful, autistic expiession based upon 
a desire to appear well in public, second, an objeefcne, realistic judg- 
ment of future performance based upon previous expeiience Some 
psychologists have thought that the existence of this ambiguity makes 
the technique of goal-setting useful in studies of personality Some 
persons are realistic in the setting of goals, others resort to wishful 
thinking Expenmente upon the level of aspiration throw light upon 
this diffeience in personality 

From the jicint of view of methodology, the essential feature in 
expeninents upon the level of aspiration is the requirement that the 
s ubject sc^f qrjiijngelf a qua ntita tn e goal in _a social situation He is 
required to exhibit lua skill or lack of^s&ll He risks failure and 
occasionally wins success In some studies the experimenter re- 
sorts to some justifiable tuckery in ordei to make the subject 
succeed or fail Inevitably the setting of a goal involves the atti- 
tudes of self-evaluation and the question How good am I in this 
kind of thing? 

Because the attitudes of self-evaluation are involved, the experi- 
ments on goal-setting are theoietically and piactically important Foi 
further details and bibhogiaphy the student is lefeiied to the reviews 
by Frank [10] and Lewin et al [22] 


METHODS FOR THE STUDY OF FEELING AND EVALUATION 

The expel imental methods considered in the foregoing division 
of this chapter have been employed in the analysis of human mo- 
tivation The gioup of methods next to be examined aie diiected 
toward the study of related psychological processes feeling and 
evaluation 

Evaluation is a process of judgment which depends upon attitudes 
and motives (wishes) as well as upon habits To explain human 
conduct we must know about the likes and dislikes, the wishes, and 
the habits of individuals In the development of attitudes, motives, 
and habits the affective processes play a dominant role, and for this 
reason they must be considered m any psychological discussion of 
human motivation 

Broadly considered, the affective processes mclude emotions, moods, 
sentiments* and interests, as well as the simple feelings characterized 
as pleasant and unpleasant Moie narrowly, the affective processes 
are pleasantness and unpleasantness themselves The latter aie 
conscious experiences which can be reported and studied from the 
subjective point of view 
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The Introspective Description of Felt Experience 

Feeling is a conscioas experience, and to study it one must employ 
the mtiospectne method This method will be illuatiated by leference 
to an investigation by Nafe [27] 

Before the woik of Nafe it was commonly assumed that pleasantness 
and unpleasantness aie non-sensoiy processes They differ in quality, 
in intensity, and in temporal course, but they lack attensity (attentive 
deal ness) If one attempts to attend to a feeling of pleasantness oi 

unpleasantness, he finds only sensory processes, especially oiganic and 
kinebthotic patteins These patterns aie attentively clear, but they 
aie sensory in nature, not affective 
Nafe argued that earlier expeiimenters upon affective experience 
had been too much concerned with arousing feeling They had made 
feelers of their subjects, lather than observers of feeling To correct 
this state of affairs, feelings of only moderate intensity were aioused 
The subjects were gi\en a variety of stimulus objects in the visual, 
auditory, olfactoiy, gustatoiy, and tactual fields and were trained to 
observe feeling Nafe started from the assumjition that pleasantness 
(P) and unpleasantness (17) aie palpable expeuences, le, that these 
expel lences m some way or other are obseivable and reportable 
In an actual expeiiment Nafe presented a stimulus object intended 
to arouse a moderately pleasant or a moderately unpleasant sensory 
expel lence He instructed his subjects to attend as exclusively as 
possible to the affective side of experience and to desciibe the feeling 
itself as accurately as possible 

At first the observers had some difficulty in carrying out the instruc- 
tion, but as the experiment continued they came increasingly to describe 
P as a bright pressuie or pressure-hke experience and [/ as a dull 
pressme or pressure-hke expeiiencc These affective pressures were 
described as vaiying in intensity, duration, and voluminousness They 
were not precisely localized, usually they were not localized at all 
Sometimes they were vaguely localized m some region of the body, and 
occasionally they were projected out from the body 
In a fiuther experiment upon affective experience, however, 
Hoismgton [16] reported some observations upon the localization 
of P and U The dull pressures of U were localized m the geneial 
region of the abdomen, well inside the body The bright pressures 
of P were localized in the upper part of the body in the region of the 
shoulders and neck The piessures of P were described as bright, 
light, expansive feelings m the chest, the pressures of U as dull, 
contracted feelings in the abdomen 
The interpretation of Nafe’s result is a diffeient problem One 
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may ask Aie these bright and dull presauies tiue sensoiy pioeesses? 
If so, what and wheie aie the receptors? Oi are tlie piessure-like 
experiences ineiely the sensory concomitants ol non-scnsoiy aftectnc 
piocesses? Further research will answci tliese questions 


The Direct Report of Affective Reaction 

In a good many psychological experiments the subject is instructed 
to indicate whether he likes or dislikes some object or activity Tlieie 
is no attempt at descriptive analysis, as in the foregoing investigation 



Fig 5. Decrease In the palatablllty of cod-liver oil with Increasing age 

of individual 

Th« curves are bated upon Q group of 328 dallfmore school children/ age 5 to 14 The percentage 
of [ndfvWuals Irtdng fhe taste oi cod ffver off U shown by the vertfcaf tcafe (After IJfchter [26] ) 

The verbal report of the subject is commonly supplemented by obser- 
vations of gross behavior This method will be illustrated by refer- 
ence to a study by Richter 

see 




Richtci [28] tested ovei a thousand children, ages fi\e to fourteen, 
by lotting each child taste a small spoonful uf unadulterated cod-liver 
oil and asking him whether he liked or disliked it The response of 
each child, verbal and non-verbal, was obser\ed and rccoided 
The lesults were changed into percentages of individuals liking cod- 
livei oil at each age level These results arc ^lummarized graphically 
in Fig 5, which shows the results foi 328 children tested in one school 
near the Johns Hopkms Hospital 

In the 5-year gioup 100 per cent of the giils and 92 per cent of the 
boys liked the cocMiver oil Piogressively with mci easing age, more 
and more children manifested a dislike for the substance In the 
14-year group only 36 per cent of the girls and 28 per cent of the boys 
liked it Incidentally, Richter comments that some children at 14 
years had an almost insatiable appetite for cod- liver oil When 
allowed to satisfy then craving, they took as much as 16 tablespoonsful 
in 1 day and continued to take high amounts for 5 to 10 days After 
this they took small amounts and finally stated that they no longei 
liked it See also Chapter 10, pages 276-279 

The psychological procedure in an experiment of this kind is rela- 
tively simple No special training is required of the subject It is 
necessary to determine through the words of the subject and by observ- 
ing his gross behavior whether the affective reaction is one of accept- 
ance or rejection, liking or disliking, yes or no 


Objective Observation In Affective Psychology 

When the problems of affective psychology are approached with a 
strictly objective point of view, they are found to center around the 
processes of acceptance and rejection and especially around preferen- 
tial discrimination The objective approach to affective psychology 
IS illustrated by the studies of Young [38] upon food pieferences of 
the rat 

On a given trial the animal is offered a choice between two kinds of 
food presented simultaneously As soon as he accepts one of the pair, 
both are removed from his reach The foods are presented side by ^ 
side, and their relative positions are interchanged from trial to trial 
so that, if a rat forms the habit of accepting the food in a given 
position, this fact can be readily detected If he develops a prefer- 
ence between the foods, this is clearly appaient m a senes of trials 

Tlie foods are placed in glass food tubes, w^hich are shown at F in 
Fig 6 At the start of a test the rat is locked into a box (fi) When 
a sliding door (D) is raised, the animal is permitted to enter the com- 
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payment containing the foods The xmpracticed animal explores the 
apparatus and discoveis the foods m the process The trained animal 
runs directly from the box to the foods and takes a bite oi sip of one 
of them Hia behavioi is obseived by the expeii- 
mentei thiough a window (TF) 

After the rat has made a choice oi nibbled one 
of the foods, both are lowered, and the opening in 
the floor is closed The expenmentei then waits 
until the lat letmns to the box and the slidmg dooi 
13 closed The time required foi a i at to leturn 
to the box vanes with the amount of training he 
has had and with the lelative palatabihty of the 
foods 

The photogiapli in Fig 7 gives further details of 
the technique The food tubes (F) aie held m a 
turntable (T), which can be lotated 180 degrees, 
clockwise or counterclockwise, by pulling upon 
strings (S) The foods can be laised oi low^ered 
by an elevator (B), so balanced that it remains 
indefinitely in the upper or loww position The 
door to the box is attached to a levei arm (A), 
which the experimenter can control by means of 
a cord (C) Thioughout a test a signal lamp 
(L) flashes once a minute (In more recent woik a buzzer, sounding 
once a minute, has been substituted for the lamp as a means of time 
control ; The observation window is seen at W 
A single trial reveals no preference, for behavior may be determined 
by spatial factors without true preferential discrimination It requires 
at least two successive tiials, with the relative positions of the foods 
interchanged, to indicate any prefeience A pair of successive runs 
IS thus the true unit of the test In recent work ten pairs (twenty 
runs) have been arbitrarily used as a complete test of preference 
Among vaiiouB results which have been obtained with the method 
of pieference, several are as follows (1) The foods m a group, when 
tested m all possible pairs, aiTange themselves in a transitive senes 
from high 1© low palatabihty (2) When dietaiy conditions aie held 
constant, the rats of a group show remarkable uniformity and stability 
in the food preferences they reveal (3) A given food preference can 
be reversed by permitting a i at to approach satiation upon the pie- 
ferred food before a test and by then running repeated tests of piefei- 
ence (4) Food preferences depend upon the diet By permanently 
adding an element to the diet, the relative palatabihty of this dietary 
component can be permanently lowered* (5) Bats tend to form 
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Fig 7, Experimenters view of the apparatus for testing food preferences, 

S«9 «xplanotlon In tha taxt 

times leain to accept the food in a given position (position habit) and 
sometimes the food of a given quality (food habit) (6) Preferential 
food habits tend to foim in agieemeut with bodily needs Once a food 


habit has been foiinccl, huwevei, it may persist as an inclcpentlent 
factoi in behavior regaidless of whcthei it meets a bodily need 


A Comment upon the Basis of Affective Judgment 

Carr [6J has proposed a theoiy that reports of pleasantness and 
unpleasantness aie actually judgments based not upon any unique and 
chaiacteiistic conscious content but lather upon oui noimal leactions 
to the stimulating situation AVe aie so oiganized, he points out, that 
we normally leact to enhance, maintain, ui lepeat certain situations 
and to minimize or avoid others A situation which noimally arouses 
the positive kind of i espouse is judged to be pleasant, and one which 
normally arouses the negative lesponse is judged to be unpleasant 
Carr adds that motivating factors complicate the pioblem Fm con- 
siderations of health we swallow disagi’eeable medicine, stop smoking, 
or refrain from foods w^hich we enjoy Even though swallow the 
medicine, we still judge it to be unpleasant because, if fieed from 
considerations of health, we would i eject it 
From the point of view of methodology, it is important to indicate 
that there is a diffeience between a judgment and the psychological 
processes upon which that judgment is based Carr states that 
affective judgments aie based upon the normal reactions of acceptance 
and 1 ejection He adds, however, that other factors than the normal 
leaction may deteiraine the actual acceptance or rejection 
Fiom the subjective point of view the affective judgment la 
pleasanV^ is not equivalent to the direct psychological repoit, ^'Pleas- 
antness was felt^’ Foi example, the common statement, "This is a 
pleasant day” conveys a definite meaning, but it does not necessauly 
indicate the existence of pleasant feelmg at the time the statement was 
made As a matter of fact, a person may say, "This is a pleasant 
day,” even though m a giouchy mood of unpleasant depression at the 
time of the judgment The present writei has repeatedly found that 
subjects can describe the quality and intensity of their felt expeiience 
They can trace out its tempoial course — the beginning, the waxing and 
waning, the qualitative shifts, the ending This is psychological report 
of existential expenence, however, and not affective judgment 
The affective judgment, whether m the torm "X is pleasant” oi "X 
IB more pleasant than F,” is ambiguous It tells nothing direotly 
about the affective processes within the subject, 

This comment is made to point out that, if an expeiimentei accepts 
an affective judgment at face value, he is still ignorant of the psycho- 
logical basis of that judgment The expeiimenter must ask Upon 
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what IS the affective judgment based? He must distinguish betvseen 
the cognitive pioce'^s of judging and the affective piocess of feeling 


Methods of Impression ond Expression 

It has been tiaditional in affective psychology to classify the avail- 
able methods as those of impression and tho'iC of expression This 
classification implies that the study of consciousness is the central 
pioblem of psychology The methods of impression are concerned 
with the relation between stimulus object and the conscious feeling it 
arouses The methods of expression aie concerned with the relation 
betweem conscious feeling and its bodily manifestations 

Historically considered, the methods of impression stem from the 
pioncei WQik o^f^Fechner iy)on jexperimental esthetics Of the several 
methods described by Fechner, the one which 1ie"“dcsignated as the 
method of choice has been developed into seveial contemporary forms 
The foims differ in the number of stimulus objects presented simul- 
taneously for affective judgment 

In the 01 der-of -merit method the subject is presented simultaneously 
with a senes of stimulus objects (See Chapter 5 ) These jjifty be 
colored papeis, spatial foims, works of art, photographic proofs, or 
other kinds of material The subject is instructed to arrange the 
mateiials m order from the most to the least agreeable The statistical 
analysis of results starts wnth the obtained orders of merit 

In the method of paired comparison the subject is presented with 
two stimulus objects at a time and is instructed to indicate which 
he prefers A senes of paiied presentations is so planned that in the 
total senes the subject compares each stimulus object with every 
othei one A lecoid is kept of the choice From the senes of choices 
it 15 easy to determine the rank ordei of the stimulus objects m the 
group See Chapter 6 

The method of paired comparison has also been used with the 
successive presentations of materials such as tones, musical chords, 
melodies, rhythms With successive presentations both time orders 
are used to balance out a possible time error, just as both spatial 
ariangements are employed with simultaneous presentations to balance 
out possible space errois 

The number of comparisons with a single spatial arrangement or 
a single time order is equal to N (N — 1) /2 If N (the number of 
stimulus objects) is relatively large, the method is not feasible because 
of the large number of required judgments 

In the method of single exposm e the subject is presented with ouly 
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one stimulus object at a tune This stimulus object is then judged or 
rated by means of a verbal scale of values, a graphic lating scale, or 
in some other manner For example, the subject la given two whiffs 
of a pel fume and asked to rate it m terms of the following scale 

+3 Very pleasant 
+2 Moderately pleasant 
4- 1 Weakly pleasant 
0 Indifferent 
— 1 Weakly unpleasant 
—2 Moderateb unpleasant 
—3 Very unpleasant 

Instead, ha may be given a graphic rating scale consisting of a hon- 
zontal line of fixed length, inaiked at one end as maximally pleasant 
and at the other as maximally unpleasant He is instiucted to indicate 
by a mark upon the line his affective rating of the stimulus object 

A technique combining the scale of \ allies and the graphic lating 
scale has been described by Singei and Young [31] Another modifi- 
cation, designated as the pei centage~of~pleasantness method, has been 
described by Beebe-Center [3] 

In the peicentagc-of-pleasantncss method the subject is instructed 
to respond in teims of thiee categories pleasant (P), indiffcient (/), 
unpleasant (C7) Repeated ratings are made of the stimulus objects 
by the same subject or by a poup On the basis of the latings a per- 
centage of pleasantness is computed by this foimula 

P 4- //2 

Percentage of P ■= ' X 100 

+ i + t/ 

The formula implies that indifference is statistically equivalent to 
one-half pleasant and one-half unpleasant It might be aigued that 
judgments of indifference should be disiegarded on the giound that 
they indicate no affective arousal We would then bo left with the two 
affective categoiies pleasant and unpleasant These two affective 
ratings could be handled statistically m a very simple mannei, as 
indicated by the data of Riclitei upon liking and disliking cod-livei oil 

A discussion of the statistical piocedures employed in the analysis 
of results obtained ' with the methods of impiession is beyond the 
scope of this chapter The interested readei is lefenod to the dis- 
cussion of psychological scaling methods by Guilford [12] and to 
Chapter 6 of this book 

Next let us examine the methods of expression At the turn of the 
century and m the first decade of the present centuiy a good many 
experiments were earned out by the methods of expression The gen- 

S68' 



eral aim of these expel imcnts was to study the i elation between con- 
scious piocesses, especially feeling and attention, nnd pcnpheial 
bodily changes, such as those in respiration, pulse, blood pres&uie, and 
glandular secretion It uas hoped to find some ph>siological sine qua 
7ion of pleasantness and unpleasantness, but this hope was not i ealized 
Significant coiielations weie obtained, but no bodily piocesa x\aa 
invariably present when the subject reported pleasant or when he 
repoited unpleasant 

The reasons foi this failuie aie a matter of opinion Se%eral pos- 
sible explanations occur to the writei First, it is likely that the 
introspections of the subjects weie ambiguous At that time a cleai 
distinction w^as not dra’^m between affective jiidgincnt (purely cogni- 
tive statement of meaning) and true affective icport of existential 
pleasantness and unpleasantness Second, the expeumental tcchniciues 
were diiected exclusively to peripheral changes In view of the lesults 
obtained, it seems likely that the phyMological sine qua non of felt 
pleasantness and felt unpleasantness lies hidden within the dynamic 
Intel relationships of cential ncuial pioccsses Penpheial manifesta- 
tions do not go to the heait of the problem Third, it is a historical 
fact that at about this time Ameiican psychologists turned toward 
objective methods m psychology Watson^s behaviorism relegated 
the study of consciousness to the ash can Since the methods of 
expression imply an mteiest m conscious feeling, these methods fell 
into disiepute 

This failure, however, does not imply that the problem la closed 
Some day, witli sharper definitions of terms and uith raoie adequate 
physiological techniques, the central physiology of pleasantness and 
unpleasantness will be discovered 

The instruments employed in the study of bodily changes weie for 
the most part boirowed fiom physiology A paitial list, with a few 
modem additions, follows » 

Plethtsmoqraph An instrument for studying changes m the volume of 
the arm, hand, finger, or other part of the body Volume changes are due 
to constnction or dilation of the blood vessels 

Sphygmograph An instrument for recording the pulse, show mg changes 
in the rate, amplitude, or pattern of the beat 

Sphygmomanometer An mstriiment for measunng blood pressure 
Absolute blood pressure can be measured at a given moment Continuous 
variations in blood pressure can be measured by setting the instrument at a 
pressure level between maximal (svstolic) and mmimal (diastohc) pressure 

Pneumograph An instrument for measunng changes m the rate, depth, 
and pattern of respiration (A pneumograph for registenng abdominal 
respiration may be seen m Fig 9 ) 



D^NAiioMLTER Au iiistiunicnt for measuring the btiongth oi pull of a 
group of muscl&s 

ERCJOOiurH An apparatus for recording the woik done by a group of 
muscles An ergogiaph requires the subject to lilt a weight rhythmically 
by arm or leg mu&elci, 

TnEMoniL^PH Ail instrument for measuring m\oluntary nuiscular tremoi 
in the skeletal muscles In using the treinograph, the ‘subject is instnicted 
to hold steady his finger or a stylus 

Automatooiuph An apparatus for recording iiivolunfaiv mo\emont 
The subject is required to rest Ins arm on a suspended board or to place his 
fingers lightly on a glass plate w^hich rests upon steel balls Involuntary 
movements are recorded graphically or photographically 

Ataximeter An instrument foi lecordmg body sway 

Qal^ai^ometbr An jnstnunent used in studies of tlie skin galvanic refiex 
for measuring changes m the electrical potential of the body 

Voice kbvb and microphones Instruments employed for recording vocal 
reactions 

Electroencephalograph An mstrmnent for recoiding changes in elec- 
trical brain waves during j^sychological processes, emotional and nou-emo- 
tional Sec Chapters 14 and 15 

These instiuments are commonly employed to investigate bodily 
changes for then owm sake and without refeience to conscious experi- 
ence Some of the methods used m the objective study of the bodily 
changes of emotion will be desenbed in the next mam section of this 
chapter For furthei discussion of the classical methods of impiession 
and expiession see Chaptei 2 of Beebe-Center [3] Foi a discussion 
of the apparatus and methods used in lecoiding bodily changes see 
Chapters 14 and 15 as well as pages 374r"384 of the present chapter 


Psychological Tests 

Two kinds of psychological tests are especially pertinent to the 
present topic Fust, there are tests of attitude, interest, and value 
Second, there are tests which reveal emotional and motivational traits 
of personality 

Tests of attitude, interest, and value leveal some specific leadiness 
of the individual to react positively or negatively An attitude has 
been defined as a neural or mental readiness to respond towaid oi 
against some psychological object A peisistent piejudice against the 
Japanese or a bias favoiing the Catholic Church is an attitude An 
xntereBt is an activity which one carries on, with enjoyment, for its 
own sake, such as playing golf or singing Activities which are 
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unpleasant aie called avosions A value in tiuit ^%hich a peraoit 
icgaids woith 's\hile 

In tcstuig ^alucs, foi cxainplG^ the ‘-ubject i'^ icquircd to make a 
disciimmation between ]jo^sibic alteinatne-^ Let the leadei answer 
this hypothetical question Would it be justifiable to icmo\e all the 
watei fiom Niagara Falls, thus destroying its beauty, to generate 
electiic power? If the answer is yes, economic value is placed ahead 
of esthetic If the answei is no, esthetic value is placed first Tliere 
IS no right or wuong answei It is a question of what one regards 
as more woith wdiile 

The Allport-Veinon [2] test of value requires the subject to make 
a senes of such discrirarnations From the scores a profile is con- 
structed to show the relative balance foi that individual among six 
forms of value theoretical, economic, esthetic, social, political, 
religious 

The extensive literature upon tests of social attitude has been 
reviewed by Allpoit [1] See also Chapter 22 of this volume 

Aftei a program of testing and factor analysis, Cattell [7] described 
twelve primary factors in pcisonahty Several ot these factors are 
described as emotional or motivational traits The C factor la 
desciibed in these terms 

realistic, facing life \s demoralized, autistic 
stable, integiated ohaiacter \3 elumgeable, characterless, unrealistic 
calm, eelf-efincmg, patient \3 restless, athemc, hypomamc 
emotionally mature, adjusting \b mfantilo, demanding, selLcenteied 

Tlie E factor, designated dominance (hypomania) vs submissive - 
ness, IS desciibed in these contrasting teims 

solf-assertive Belf-submissn e 

willful, egoistic, predatory \fl mild, solf-effacmg, tolerant 
emait, aaaertuo sinriple-hearted, meek 
tough, solid, talkative introspective, sensitive, scared 
rigid, tyiaunicftl, vindictive adaptable, friendly 

surly, hard vs goo<l-natured, ea3> -going 

In the E factoi the emphasis is upon self-assertiveness and submiasive- 
ness in social situations Hence this factor has motivational 
implications 


The Method of Sociometry In the Analysis of Interpersonal Relations 

When the study of the affective piocesses is earned on m the field 
of social psychology, there arises at once a host of problems relating 
to social attitudes and values, inteiests, and the social expiessions'of 
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Emotions and motives Instead of delving into this field of psychology, 
^ve vill heie be content with a single illustiation of methodology in 
the aiea of mtei personal lelations 

Moieno [20] requiied the individual to express attitudes of liking 
Oi disliking towaid Jus associates These attitudes were tested by 
instmcting the subject to choose among his associates at home, at 
work, at school To discover the choices of the persons in a gioup 
Moreno called them togethei and made a little speech For example, 
to the child! en in a classioora a statement something like this was 
made 

“You arc seated accoiding to dnections your teacher lias given you 
You did not choose the neighboi who sits beside you Now you are 
given an opportunity to choose the boy oi giil whom you would like 
to have sit on either side uf you Wute dov^n your fiist clioice, then 
youi second choice Looje around the loom and make up your mind 
Remember that next teim the peisons you choose now may sit beside 
you 

After the speech 1 minute was allowed for making the choices 
From the data a sociogiam was constructed which revealed the social 
position of each individual in the group 

Again, in studying a gioup of girls living in an institution, Moreno 
called togethei the total population and addressed them about as 
follows 

“You now live in certain houses with other persons accoiding to 
three tions fiom the administiation The persons who live m the same 
house with you were not chosen by you, noi weie you chosen by them 
You are now given the opportunity to choose the peisons whom you 
would like to have live with you m the same house You can choose 
any individuals of this community, whether or not they happen to 
live in your house Write down your fiist choice, then your second, 
thud, fouith, and fifth choices, in order Look around and make up 
youi mind Remembei that the ones you choose now will probably 
be assigned to li\e with you in the same house 

In Moieno’s pioceduie three points of methodological significance 
should be noted First, eveiy ludmdual is included as a center of 
affective lesponse Second, the choice of the subject is motivated by 
some wish or piactical consideration Thud, the choice of the sub- 
ject 13 always ielati\e to some entenon, such as sitting beside oi 
living in the same home with In woik with infants other cnteiia 
weie employed, such as observing whether one mfant noticed anothei 
or whethei he entered into playful relations with another 

In studying the development of psychological group stiuctuie, 
Moreno placed a group of babies in close proximity and observed then 
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interactions Duiing the first year of then life they weic icpeatedly 
placed togethei in a loom within which they had been living fiom 
birth In making the observations upon interpci^onal relations of 
the infants, Moreno had in mind important questions sucli as the'^e 
Do groups develop like individuals? If so, how do they gro^ ^ Some 
of the results are presented in the sociogram'=i of Fig 8 
View A shows the stage of o)ga7zzc zsolation Nine babies of the 
same age level were placed in the same room in close pioximity This 
was done lepeatedly throughout the fiist yeai of life The pioblem 
was not concerned with the development of patterns of ies])onse^ such 



A B C 

Flg» 8» Dovelopmant of psychoiogicot group structure 


(A) Stago of organic bololkm. (B) Stago of horizontal differonHailon^ (C) Stage of verilcor 
dlfferenKartoo (After Moreno [26 ] ) 

as crying or sucking, but rather with the development of interpersonal 
relations and the formation of a group During the first 26 weeks no 
group formation could be observed in the mfant-to-infant relation- 
ships Each baby lived m isolation from the others, each was self- 
absoibed Withm the period of isolation, however, the voice of a 
crying baby sometimes aioused the attention of a neighbor This 
was the beginning of recognition of others 

View B shows the stage of horizontal differentiction The socio- 
gram illustrates the true beginning of group development One baby, 

C, recognizes its neighbor, E, who recognizes it in return (This 
mutual recognition is represented by a line connecting the tw^o indi- 
viduals, with a short cross-line m the center ) One baby, Z), is recog- 
nized by two neighbois, A and B, but does not lecognize them in return , 

D, however, recognizes neighbor G B is attracted to D, C is attracted 
to B, by indirection through C baby B is influenced by E 

At this stage of group development, at 20 to 28 weeks and oldei, 
physical proximity produces psychological proximity Infants attend 
to those neai by. Moreno calls this horizontal differentiation. 
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Vie^ C shows the stage of veitical difjeientiation As soon as the 
babies are able to mo\e around freel> and to \\alk, tlie differences in 
physical stiength and mental alertness begin to aftect gioup organiza- 
tion The group begins to de^clop a top Fioni 40 oi 42 weeks on, 
one or more infants begin to command a dispioportionate sliaie oi 
attention The stiuctiue of the gioup becomes moie complex and 
^ aie leadeis C, D, E, F, G, II y J, and K aie dependents N, I, L, 
and M are isolated individuals 

Just as the highei animals have e^olved fiom the simplest foims of 
life, so the more complex forms of group organization evolve irom the 
simple ones The analysis of dynamic inteipeisonal and mtei gioup 
relations lies at the heart of social psychology As a mattei of fact, 
the study of intei personal (oi mteibchavioial) lelations distinguishes 
social psychology from individual psychology Foi this leason 
Moreno^s niethods aie iinpoitant Foi fuithei discussion of the 
methods of studying social behavioi see Chaptcis 21 ami 22 of tins 
book 

The experimental methods \^luch have been dcscnbcrl are veiy 
different fiom one anothei Some aie diiected towaid the analysis 
of conscious experience Some aie oiiontcd to\^ald the bodily coiie- 
lates of conscious cxpeiience Some aie aimed towaicl the analysis of 
behavior — acceptance, rejection, oi preieiential discnnnnation Some 
aie pointed towaid the solution of social problems — dynamic intei- 
peisonal relations, social attitudes and values, tinits of personality 
The only thing that ties these methods together into some kind of 
unity 18 that they all i elate, diiectly oi indirectly, to the psychological 
processes of feeling and evaluation 

We turn now to the next major division of the chapter, dealing 
with emotion 


METHODS FOR INVESTIGATING BODILY CHANGES OF EMOTION 

An emotion is a Natural event It is something that happens, as 
does a thunderstorm oi a auniise It is a complex occuirence, so 
complex that it must be analyzed piecemeal and fiom different points 
of view 

In the older writings of Wundt, James, Titchcner, McDougall, and 
others, an emotion was regarded as a conscious event, and the funda- 
mental problems centered aiouncl the relation between the conscious 
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emotion nnd its bochlj cvprcbsions Today psychologists me moie 
interested in the objectne aspects of emotion When uened objec- 
tively, howe^el, the emotion is still exceedingly romplex One must 
distinguish bct\\eon the situation which mouses an emotion and the 
leaction theieto The emotional icaction itself has both innei and 
outer aspects The following example illustrates the difteient objec- 
tive aspects 

Cannon [4] has pointed out that during emotional excitement there 
13 an increase in the number of led blood coipuscles (eiythiocytes per 
cubic milhmetei) circulating m the blood stieam This mciease can 
be attributed dnectly to the action of the spleen The spleen, a 
miisculai oigan, contiacts and expands, it is a leservoir for eiythro- 
cytes It lenders the oiganism the service of quickly increasing and 
latei of storing aw^ay the lod corpuscles in the blood Contraction of 
the spleen occuis in carbon monoxide poisoning, m hemonhage, in the 
lessening of the oxygen content of the blood, as duimg asphyxia and 
muscular exercise, and aftei injections of adienalm and pituitnii, as 
well as dining emotional excitement 

Cannon has inteipicted this fact The erythrocytes cany oxygen 
from lungs to heait, biain, and actix^e muscles In a biological emer- 
gency winch might involve a struggle for one*8 life^ this reaction of 
inciease is senuceable in that it facilitates the lelease of energy 
within the body The increase m the number of orythrocytes in the 
blood IS a small paib of the pattern of bodily changes aroused by an 
exteinal situation 

If a dog barks at a cat, the cat^s hair bristles, his back arches, he 
spits and glow Is, his claws protiude, and there are widespread internal 
bodily changes, including the increase of erythrocytes m the blood 
stream Just what is the emotion? 

Some psychologists and physiologists use the term emotion to desig- 
nate certain leflex patterns of response — ^the rage pattern, crying, 
laughing, etc — which aie coordinated by neural centeis m the region 
of the hypothalamus and below Others prefer a broadei definition 
An emotion is an acute disturbance of the individual, arising from the 
psycliological situation, leveoled m conscious experience, in behavioi, 
and thiough marked changes in the xegetativo oigans 

The emphasis in this definition upon the psychological situation 
serves to distinguish emotions fiom organic appetites, w^hich arise from 
mternal bodily conditions In the above example the barking of a 
dog is an environmental event It aiouses internal bodily changes 
which have environmental significance The bodily changes of emo- 
tion arise from a psychological situation — ^meeting an euciny or a mate 
or being socially ostiacized 
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Simultaneous Recording of Bodily Changes in Emohon 

Foi piactical pui poses it is usually necessary to record only one or 
two kinds of bodily change m emotion In he detecting, for example, 
a continuous lecord of icspiiation or blood piessure oi both is sufficient 
to indicate emotional upset in the prevancatoi Lie detecting, fiom 
the point of view of experimental psychology, is really emotion detect- 



Fig 9 Subiect adiusfed to apparatus for recording simultaneous bodily 

changes In emohon, 

Tho lubjKt- ihowfi tn Rg 9 U a normal Individual «niployQd by fho U S Pobllc Health Sorvlc* whon 
thn picturo wai lak*ru (Photography courtoiy of Dr Ralph R Brown.) 


mg It rests upon the fact that the involuntary bodily changes of 
emotion can be observed with the proper appaiatus and recorded 
’Whethei the mvoluntai’y bodily changes of emotion ai(5 due to the 
telling of a lie cannot be deteimmed from the record, but only fiom 
the relation of these bodily changes to the questions asked by the 
exammei and the total situation Lie detectmg is an art, not an exact 
science , 

In scientific investigations of emotion it is often necessary to record 
several kinds of bodily change simultaneously in order to see how they 
are inteireJated To show the azmultaneous recording of bodily 
changes in emotion several illustrations will be given 
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Figure 9 *5ho\ss the subject comfoitably recited in an easy chair A 
pneumograph attached to the abdomen iccords the cycle of lespiiation 
The middle finger of both hands is placed in a tieniograph to rccoid 
involuntaiy muscular changes A cuff is attached to the left arm of 
the subject for obtaining a oontmuoiis record of changes in blood 
pressure Electrodes m the wist and palm aie for obtaining galvanic 
skm changes, The liead of the subject is near a voice 



Fig 10 Darrow’s photopolygraph for recording simultaneous bodily 
changes In emotion (Photograph, courtesy of Dr. Ralph R Brown ) 


Figure 10 shows the expenmenter^s apparatus, which is located in 
an adjoining loom Through a one-^vay-vision screen the experi- 
mentei can obseive the subject seated m the easy chair and can, if 
necessary, communicate with him Any pertinent observations upon 
the gross behavior of the subject, as well as a lecord of tlie experiment 
itself, can be written down on the spot All bodily changes, whether 
mechanical or electrochenneal, are converted into mo\ementfi, which 
can be photographically recorded withm the instiiunent shown in this 
picture 

Figure 11 13 a sample strip of photographic record In the actual 
trial the word “dopey” was visually exposed, and the subject responded 
With “junkie (Dopey is commonly used to mean one who uses nar- 
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cotic drugs Junkie ixieanM diiig addict jMoiplunc ni hoioin fie- 
quently called junk in the aigot of the addict, and one ^\ho ii^es euch 
diugs may be called a junkie or junUei oi i)ld dopey ) The break in 
the voice-i espouse line indicates the moment that the \ooal response 
occiiried 

Involuntary hand inovcinents me legi^lercd at the top and bottom 
of the lecoid The cuivc of icspuation la clcaily shown Fiom the 


Voice Response 
R/ght Hand Movement 
Respiration 
Sk(n Reflex 



Pulse Rate and Blood Pressure 
left Hand Movement * 

Stimulus Line 

Fig* 1 1. A sample strip of record obtained from Darrow’s photopolygraph 
(Photograph, courtesy of Dr Ralph R Brown,) 


vertical time lines it is possible to determine the fi action of the total 
leapiratoiy cycle given to mspiiation, oi tho late of bieathmg, oi to 
study changes m the pattein oi depth of lespiration Tlie cuive for 
the galvanic skin response ciosses tlie lespiratoiy cun^e, but both can 
be readily measuied and analyzed Changes in puho late and blood 
pressure are cleaily lecorded 

At the present time Daiiow would piobably bring into the pictuie 
the more modern electioencephalogiaph See Chapteis 14 and 16 


Analysis of Patterns of Response/ Illustrated by the Startle Response 

Everyone has expenenced the general muscular conti action which 
occurs reflexly when there is an unexpected and intense noise, such as 
the bang of a gun The startle lesponse is often followed by tho 
emotion of fear, but the reflex itself is typically ovei befoie a true 
emotion can arise 

Landis and Hunt [21] analyzed the startle pattein m both man and 
animals To produce stailile, they fired a gun neai the subject 
Since the gun was of known calibei (022 and 0 32 were used), there 
was at least a lough stand aidization of the stimulus 

To record the response Landis and Hunt made use of high-speed 
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niotion-pictmo ramiia^ btaitlc photngiaphcd camcias 

taking 64 cxpu^uK s pci second la some paits nt then work, cameras 
making as many 300 to 3000 cxpo'^uic-^ pci second were employed 
Latei the pictuics weic piojccted at the usual rate of 16 pei fcecond 
To obtain a photogiaphic iccoid oi certain bodily movements, levers 
\vere employed The Icvci^ weie attached to the back of the trunk 
and to the knees, au that lorwaid movement of these parts was eon- 




Fig. 12. Schematic representation of the startle pattern, showing front and 
lateral aspects of the response to a revolver shot (After Landis and Hunt [2 1 ] ) 

verted into veHical nioveineiit of the levels Abdominal contraction 
was recorded by a pneuinogiaph attached to a tambour, which moved 
a lever in the field of the cameia 

Trom the motion-pictuie iccoids it w^as possible to reconstruct the 
spiead of the startle i espouse tliroughout the body The startle 
response usually comes and goes in less than half a second, although 
the range foi the total lesponse vanes Iroin 0 3 to 1 6 seconds Startle 
begins with closing of the eyehds, both eyes leacting simultaneously 
Next theie is a widening of the mouth, as though in a grin, but only 
occasionally does this lead to the baring of the teeth Then the head 
and neck aie brought foiwaid and dowm, but the chin is tilted up, so 
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that the featuieti aio still diiected stiaight ahead The muscles of 
the neck stand out piommently Then the lesponse sweeps downward 
Theie is laismg and di awing foiwaid of the ehouldeis^ abduction and 
pionation of the uppei arms, flexion ot the fingers, forward movement 
of the trunk, contrf'ctiou of the abdomen, and bending of the knees 
A schematic lepresentation of the startle lesponse is shown in Fig 12 

Observations of staitle were made ^ith animals at the Bronx 
Zoological Park Although staitle was not obser\ed in leptiles and 
amphibia, the pattern was cleaily picsent m mammals With animals 
the most notable addition to the human pattern is the flexion of the 
ears Frequently the eais are laid back close to the skull Sometimes 
theio IS a ciouching postuie with legs braced as if to spiing, this 
suggests biological utility of the response in self-defense With 
monkeys and chimpanzees the i espouse is more widespread and 
complete than with man 

The methodological significance of the work of Landis alid Hunt 
lies in the fact that thej ha\e described a technique ioi the objective 
investigation of at least one pattein of response The motion-picture 
technique can pi ob ably be applied to the analysis of othei patteins 
of lesponse which appear as components of emotional behavior, such 
as the rage pattern, the pattein of disgust, ciymg, smiling, laughing, 
and possibly the sexual patterns Ccitain physiological psychologists, 
in fact, have defined an emotion as a pattern of jesponse Although 
this definition is somewhat narioiv, all would agiee that the expeii- 
inental study of patteins of response is a task of majoi impoitance 


Surgical Methods in the Investigation of Emotional Behavior 

Although the possibilities of applying surgical methods to the inves- 
tigation of emotion are numeious, only two illustiations aie heie 
considered fiist, the operation oi decortication, second, the technique 
of implanting electrodes in the hypothalamus foi pui poses of diiect 
stimulation 

If the cerebral coitex is auigically removed, the preparation can, 
wnth care, be kept alive foi experimental study and obseiwation 
Cullci decorticated dogg for experiments upon conditioning, but the 
animals weie also used for observation of emotion Cuilei prepared 
a motion-piotuie film showing the machine-like behavior of the decorti- 
cate dog In a quiescent environment the dog may walk monotonously 
aiound a circulai path If an obstacle is placed in his path, he simply 
comes to rest If the skin of such a preparation is rubbed, even 
lightly, however, tlieie is a display of vicious lage The pattern of 
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rage includes baling of the teeth, snapping, and biting There is also 
snarling oi growling, along with diffuse struggling of the entire body 
The biting of the animal is localized at the point of stimulation and 
18 SO VICIOUS that the experimenter is m real dangei when hnncllmg 
the animal The pattein at the height of its intensity la illustiated in 
Fig 13, which IS the enlaigement of a frame in Culler’s film Inciden- 
tally, this pattein of lage is similar to that of a normal dog, as 
pictuied yeais ago by Darwin 


Fig 1 3 Pattern of rage fn a decorticate dog { Printed by Dr John T Cowles 
from Professor E A Cutler’s film on behavior of the decorticate dog ) 



Other investigators have performed the operation of decortication 
upon cats The decorticate cat gi\es a leniarkable exhibition of rage, 
which includes lashing the tail, arching the trunk, piotnision of the 
claws and clawing movements, snarling oi growling, spitting, turning 
the head from side to side with attempts to bite, rapid panting witli the 
mouth open, movements of the tongue Along with these bodily 
changes aie others due to excitation of the sympathetic nervous system 
erection of the hau^s on the tail and back, sweating at the toe pads, 
dilation of the pupils, increased rate of heart beat, increased arterial 
pressure, increased blood sugar, abundant secretion of adrenalin 
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Fig, 14 (cont'd) Surgical techniques for studying the role of the hypo- 
thalamus In emotion, (After Masserman ) 
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The pattern of lage m a decoiticate oi deceiebrate animal has been 
designated sham-mge on the assumption that, since the ceiebral cortex 
has been removed, the animal cannot consciously expciience an 
emotion There is, ho\^e\er, no way of knowing about the possible 
consciousness of a decorticate cat oi dog 
The second illustiation of surgical methods in the investigation of 
emotional beha\ior is taken fiom the work of Masserman [24, 26] 
upon the lole of the hypothalamus His method has been to implant 
electiodes, so that a gnen center can be stimulated diicctly by elec- 
tiical 01 chemical means Figme 14 illustrates Masserman^s method 
View A shows the frame of the Hoisley-Clarke appaiatus for orient- 
ing and fixing the head of an anesthetized cat Conti ol bars slide 
into t^o cuived earplugs (seen in the foreground) The upiight carnei 
of the appaiatus can be moved to direct electiodes steieotactically into 
the biain The electiodes aie used to pioduce electrolytic lesions ot 
ner\e tracts and nuclei Furthei, one or moie needle electrodes 
(ioreground ceiitei ) may be inserted and held m situ by means of skull 
sciews {seen behind the earplugs) The electrodes make it possible 
to stimulate a selected neural ccntei with accuracy after the animal 
has lecoveied fiom the opeiation 

View JS 13 a close-up of the appaiatus in use The head of an 
anesthetized cat is shown in position Above is a hypodeiniic needle 
foi pharmacologic stimulation of the hypothalamus 
View C shows the biam of a cat used m an experiment upon the 
differential effects of alcohol upon the hypothalamus and the cerebial 
cortex The sulci have been outlined on the photograph to show 
cleaily the points of insertion of the sepaiate electrodes 
View D shows a section of the light hemispheie of the biain of a 
cat The brain has been marked to show the paths (actually less 
than 0 6 millimetei in diameter) of the electiodes thiough the cortex 
and into the hypothalamus The fornix is outlined in dots to aid in 
orientation The exact location of the electiodes and lesions was 
detennmed foi each biam by study of histological sections 
It 13 not possible to considei m detail the significance of woik such 
as that of Masserman In general, his research has demonstiated the 
following (1) The emotion-like patterns of behavioi produced by 
dneefc stimulation of the hypothalamus ended abmptly with the 
cessation of the stimulus (2) Conditioning did not occur when 
sensory signals were associated with hypothalamic stimulation as 
fiequently as 480 times (3) Ammals which recoveied from the severe 
metabolic disturbances caused by lesions in tlie hypothalamus regained 
their noimal emotional leactions 

These and othei findings have led Masserman to infer that, although 
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the hypothalamus is undoubtedly a cooidinating centei foj the sympa- 
thetic and itiotoi pathways of emotional evpiBSsio?}, it is not the '^ource 
or the seat of afiective experience 


Emotional Expressions and Social Expressions 

When Darw'in wiote his gieat book, The Erptession oj the Emotions 
in Man and Animal [ 9 ], he v\ns concerned in a thoioughly objective 
manner with the outward manifestations ot emotion He did not 
consider what it is, whether conscious feeling or neural pioco^^a oi 
oiganization of personality, that these outw^ard manifestations expiess 
One lesult of Darwin’s objectivity is that his careful observations aie 
valuable today, even though p'^ychology has made gieat advancement 
in the methodology and factual knowledge of emotion 

Today the phiase emotional cxpiession is commonly used It con- 
tains, however, a certain ambiguity The phiase may refer to innate 
patterns of response, such as civmg, smiling, laughing, rage, and dis- 
gust, which are common to mankind thiough the woild The phrase 
may also refer to indi\idually acquired patterns of response Foi 
example, it is customaiy in oui society to smile in salutation The 
smile IS learned and enacted as truly as the w^oids that go with it 
Superficially, the social expression of smiling may be \ery similai to 
the truly leflex pattern A line of distinction between the innate 
reflexive pattern and the acquired social expression 13 not always 
easy to draw The distinction was diawn, howexei, by Landis in 
mterpietmg the results of an experiment upon emotion 

Landis [ 20 ] brought leal-hfe situations into the laboratory to 
arouse genume emotion He lequued Ins subjects to listen to music, 
read the Bible, smell ammonia, view pictures of skin diseases, examine 
pornographic material, read sex case histones, handle live frogs, 
decapitate a rat, receive electric shocks, etc The facial responses 
were photographed The extent of involvement of the difterent groups 
of facial muscles w^as determined by measiumg the distance between 
daik marks placed on the subject^s face before photographing Meas- 
urements of the distances between these maiks levealcd the groups 
of muscles involved in a given expression and the extent of the 
muscular contraction 

For a group of twenty-five subjects Landis failed to discover any 
fixed pattern of facial expression common to any one of his situations 
Each subject tended to use some particulai group of facial muscles 
habitually to the exclusion of others Landis concluded that emotion, 
as shown m the face, is commonly not a true pattern of reflex 1 esponse 
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He suggested a distinction beh\een innate leflexive patterns and 
acquned social expichsiona of emotion 

The same distinction was diawn by the social psychologist Klinebeig 
[19] on the basis of \eiy different evidence and methodology 
Klinebeig examined the conventional expiessions of emotion m the 
Chinese novel and upon the Chinese stage 

These conventional expressions diflci so widely fiom those m our 
own country that some of them would not be understood by a man 
from our "Western civilization Foi example, “They stretched out 
their tongues^' is an expression of surpiisc “Her eyes giew round 
and opened ^ide^^ usually means angei to the Chinese, and the 
sentence, “He made his two eyes lound and staied at him/^ can mean 
only anger To us this descnption suggests fear “He sciatched his 
ears and cheeks” might to us suggest embarrassment, but in the 
Chinese novel the phrase means happiness “He clapped his hands” 
IS likely to indicate worry or disappointment 

On the otlici hand, Klinebeig discovered certain expressions in the 
Chinese novel and on the stage which beyond a question desciibe the 
truly reflexive bodily changes of emotion To illustiate, the emotion 
of fear is described by the Chinese in such sentences as “Everyone 
trembled a face the color ol clay,” “Eveiy one of his hairs stood 
on end, and the pimples came out on the skin all over his body,” “A 
cold sweat broke forth on Ins whole body, and he trembled without 
ceasing,” “They weie so frightened that their wateis and wastes bui^t 
out of them ” 

It 13 obvious, therefore, that a distinction must be drawn between 
the innate bodily changes of emotion and the acquired social expres- 
sions In designing any experiments in this field the distinction must 
be kept in mind Tlie distinction was not clearly drawn m a group 
of early experiments upon the expression of “emotion” in the face, in 
the voice, by gesture and m gross behavior A good many experiments 
have been concerned with the agieement among gi’oups of judges in 
ratmg photographs In evaluating these expeiimeuts one should ask 
To what extent are the bodily changes innate reflexive patterns? To 
what extent are they acquired conventional expressions? And, m 
any event, just what is meant by the e^^essions of an emotion? 


CONCLUSION 

The present chapter is concerned with a representative group of 
methods used in the experimental study of motivation, feeling, evalua- 
tion, and emotion Although diverse methods aie considered, the list 
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13 far from complete On the one hand, a good many othci methods 
aie employed in compaiati\e and physiological psychology These 
methods are used in the study of animal diives, emotionality and 
temperament of animals, and conflict and neuiosis, and loi the analysis 
of Intel nal bodily processes which release the energy of behavior and 
regulate its pattern On the other hand, theie are further methods 
in social psychology, clinical psychology, psychiatry, child develop- 
ment, the psychology of counseling, and other aieas of applied 
psychology In the applied psychologies at least the following methods 
are used the psychoanalytical methods of aided recall, the word- 
association method, hypnosis, the piojcctive techniques, a variety of 
tests and psychological measui ements nut considered m this chaptci, 
the lifc-liistory method, and the social case method, as well as the 
study of individual conflicts, fiustiations, and sources of satisfaction 
The variety and diveisity of methods w^ould be even greatei if the 
scope of the chapter were extended 

In conclusion it is well to Why is there such a diversity of 
method? 

One answer is that the processes under consideration are exceedingly 
complex They are so complex, in fact, that they must be examined 
piecemeal and fiom difterent points of view There is a diversity of 
point of view, a diversity of interest, a diversity of aim among inves- 
tigators, a diversity of problem And along with these diversities there 
IS, as we might expect, a diversity of experimental method in dealing 
with such complexity As stated at the start of this chapter, unity 
lies not in the methods themselves, for they are many, but m the fact 
that the methods are all oriented toward the solution of a group of 
interrelated problems 

The real explanation of the diversity of expenmental methods 
probably lies m the fundamental importance of the piocesses and 
problems undei consideration In any theory of personality the 
dynamics of behavjoi is a topic of major concern One cannot 
understand frustration, conflict, satisfaction, adjustment and non- 
adjustment, tics, impulsions, traits, habits, and other characteristics 
of the individual without a sound undeistanding of motivation, affec- 
tivity, and emotion These processes are basic in importance And, 
practically considered, the processes considered in this chapter are 
of major importance in clinical psychology, psychiatry and psycho- 
somatic raedicme, educational psychology, the psychology of counsel- 
mg, the analysis of social problems, and the other fields of applied 
psychology. 

It is because the problems of motivation, affcctivity, and emotion 
are so important and so central, theoictically and practically, that 
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theie have been vaued attacks upon them \Micn complex pioblems 
ot central impoitance are studied by men with difterent aims and 
points of View, it is to be expected that a diveieity of method will 
develop m the attack upon them 
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Chapter 14 


Methods of Measuring and 
Recording Action 

R, C Davis'^ 


In the two chapters immediately following this one the student will 
read about the important psychological pioblems which in\olve meas- 
uring and recording responses These studies m methodology involve 
a rather complex senes of laboratoi^ airangements and principles of 
physical measurement This chapter is designed to acquaint the 
student with some of the more important pnnciples of psychological 
recording techniques and the relative values of certain more com- 
monly used measuring systems Because expenmcntal lesults are so 
dependent on technique, a knowledge of the principles and practices 
of reooiding seems basic to the undeistanding and evaluation of the 
experimental studies that form such an important part of modern 
psychology 


THE PURPOSES AND PRINCIPLES OF MEASUREMENT 

Whenevei an experimenter speaks of recording a response, he is not 
speaking literally but is lefernng to some particular feature of the 
response which he judges to be important for the pioblem at hand 
The featuie of the response lecorded may be the dependent variable 
in a particular expenment, and the mvestigator naturally desnes to 
pieserve the lecords foi future study and analysis In examining 
modern psychological literature, the student is quickly impressed by 
the diversity of instruments and techmques of measurement with 
which the experimentalist deals 

One general class of measurements consists of measures of accom- 
plishment measuies which supply information about the adjustment 

1 Professor of Psychology, Indiana University 
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of the indivicUml to the situation cnnfiontmg him The most obvious 
featuie of most actions is their effect on the relationship between the 
individual and his environment Does the action bung him closer to 
a designated goal, does it sohc any pioblems foi him, oi, in geneial, 
does it lea\e him in a milieu diftcient fiom the ougmal one? To 
answei such questions it is necessary to use a mcasuie whicli is based 
on some object in the enviionment lathei than on the individual, so 
that one may ascertain the individuars initial and final standing with 
lespect to that object Consequently there are measinements of 
niimbei of questions coirectly answered (as in aiithmetic peifoim- 
ance), numbei of choices of a certain food (as m studies of food 
piefciences), and the time icquiicd to effect an escape (as in a puzzle 
bo\ or maze) In measinements such as these the scales aie neces- 
saiily const! acted with units appiopiiate to each environmental 
situation, because the point of interest is the effect of the action in 
changing that situation 

The piesent chajitei, howcvei, is chiefly concerned with measure- 
ments of a second class, which may be taken as moie nearly “absolute” 
measurements of action These incasuics have to do with some aspect 
of a lesponse othci than its consequences foi the organism-enviionment 
relations Foi example, this second class of measurements is more 
concerned with the stiengtli or the duration of the i espouse as such 
To measure these phenomena the investigatoi conceives of the subject 
as being, at the outset, at the center or zero point of a scale which is 
arranged to measure in teims of such vaiiables as distance, force, 
eneig:^", or velocity The investigator then uses appiopnate appaiatus 
to legister how far along such a scale the response goes In this second 
class of measurements, there is some htcial truth m the saying, ^^The 
e^perJmentel makes the recoid ” He not only selects the chaiacter- 
istics to be recorded but also he may employ very abstract measuiing 
scales. This type of measurement is necessaiily used in the study of 
tendon reflexes, changes in the autonomic neivous system, and brain 
potentials, to mention a few examples 


Some Rules of Procedure for Measurement 

In all measurement the expeiinientei must insure that hiG apparatus 
follows certain standard rules of piocedure which he has settled on 
beforehand For measinements of the second class, as described 
above, the rules involved and the scales used follow those of physiology 
and classical physics, which have no serious competitors as far as 
techniques of measurement are concerned 
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The piocecluial lule for any '’chcinc* of measurement is that a 
single iccord {should beai a constant iclation to the particulai dimen- 
sion chosen Otheiwise the resulting recoid is distorted and lacks 
validity Foi a system of physical measui ements this principle means 
that leadings should piefeiably be lintai and should be proportional 
to such physical variables as time, motion, cneigv, or a specified 
function of one oi inoie of these The measuicniciit \m11 be mis- 
leading and allow foi false intej pretations if a change oi three units 
in the pli>sical vaiiable pioduces a lecoid of thiee units, tv a units, 
or one unit, depending on the pait of the scale being Ubcd This 
situation Bometimca exists in a lecordmg system, but usually the 
expermientei is aware oi it and can conveit the lecords made into 
a real scale 

A second procedmal lule for lecordmg is to keep the appniatus 
itself from changing the action under study Such a change is known 
as hack actiouj and to allow it of couiac is to change the lulcs of the 
game by substituting something else foi the original goal of the m\e3- 
tigation The existence of back action is a tioublesome problem in 
the theuiy of expeiimentation in all sciences, it is almost as though 
the expenmentei is turning on a light to see uhat the darkness looks 
like It must be the expenmentei ’s goal to disturb the response na 
little as possible vutli his paiapheinaha of measui ement 

In psychological voik there are two soiis of back action possible, 
the general type and a type called local The general type of back 
action appears when the subject is distuibed by tlie formidable appear- 
ance of the equipment or the presence of the expeumenter In plan- 
ning an experiment the imestigator usually does his best to reduce 
these factors and airange for the process of adaptation and familiauty 
to reduce them furthei Local back action would be illustiated by an 
absuid appaiatus for counting eyeblmlcs, winch attached such a heavy 
w^eight to the eyelid that it could move \Giy little if at all No one, 
of course, would use au instiument as bad as that, but so long as any 
weight J 3 attached theie is some inteifeience with movement This 
local back action, whethei pioduced by weight or something else, must 
be eliminated oi reduced to trivial piopoitious 

A thud procedural rule foi measurement is a rathei simple-soundmg 
one an experimenter should know that his appaiatus has a sensitivity 
and lange sufficient to pick up and lecord the changes he wishes to 
measui e With apparatus wffiich is not sensitive enough — which does 
not show a readable change when the action changes— an experimenter 
may of course simply miss what he is looking for If a response makes 
the recoiding pomtei liit its ceiling oi its floor, the experiments has 
not measured the change but only an unknown part of it Such a 
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FJg. 1 A simple elecUical system 

An •loctromognotk cowter li uied ai an Indicalor for number of occurrencei In the iteodlneii 
fester ihown at the right the lublect holdi the stylus h one of the holes so at to avoid touchlno the 
edges as far as possible When he does t 04 xh the edge, a oontact Is made and the counter Is 
qcttvoted The tetter serves therefore os a coupling device 

Jesuit IS due to ovei loading, which may be a fault in any part of the 
recording system 

The General System of Apparatus 

As a means of perfonmng the operations of measurement according 
to the above rules, the expenmentei selects what may be called a 
system of apparatus A recording or registering system must do these 
things (1) connect the subj eot to the system, so that it will be affected 
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by some desired type of variation in him, (2) tran'*init the changes 
from the subject, (3) record or indicate the changes somewheie In 
most systems a separate piece of equipment the coupling, the trans- 
mittei, and the indicator, respectively, is used for each purpose Veiy 
frequently the coupling device and the indicator serve another puiposc 
as well, by converting one form of eneigy into another so as to make 
the change moie convenient to transmit oi lecord Figure 1 illustrates 
a simple apparatus for counting movements All tlie features men- 
tioned aie piesent m this system The simple coupling is the steadiness 
tester, with which the subject makes and breaks the circuit, the trans- 
mission IS accomplished by the wires of an clectiic ciicint which runs 
from the subject to the indicator, and the electromagnetic counter 
with Its dial and pointer is an indicator The steadiness testei and 
the countei are also convcitcis, the foimei converts stylus movements 
into electric impulses, and the latter conveits these into pointer 
movements 

The same essentials can be seen in the pneumatic systems shown in 
Figs 2 and 3 In Fig 2 the pneunaograph and the finger tambour are 
foi coupling and concerting, the nibbei tube transmits the change, and 
the wilting tambours are conveiters and indicators 

When he plans his recording, an expenraenter has a choice of four 
principal kinds of apparatus systems, classified according to the kind 
of transmission used There is the mechanical syste)n, m which the 
response is transmitted by such things as rods, levers, or pulleys, the 
pneumatic system^ such as is shown in Figs 2 and 3, in which the 
transmission is accomplished by a change m air pressure, the optical 
eysiem, such as is shown in Figs 4 and 6^ in which light rays transmit 
the effect of the response, and the electrical system, as shown m Figs 
6; 7, and 9, m which the transmission depends on changes in electric 
current or voltage ^ 


CHARACTERISTICS OF RECORDING S^TEMS 

The majoi operational characteristics of a system are xts range and 
sensitivity or amplification, the amount of its distortion, and its back 
action These characteristics can be discovered either by analyzing its 
stimcture or by observing how it woiks when some knowm action is ap- 
phed to it To illustiate, the minimal sensitivity of a lever can be found 
by producing veiy small variations at the input end and noting whether 

2 For more detailed accounts of the first three classes, the student is referred 
to the articles by Wendt [27], Dittler t9], Broemser [3], and Straub [24] A fifth 
class, thermodynamic, is little ufled except m some measurements of metabolism 
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Fig 2 Pneumatic systems working on a continuous feed polygraph 

Ttift recording fambovn shown In the top of the figure are operating capillary pens which carry 
Ink from the trough to the paper One U connected to o pneumograph shown In the foreground; 
the otherf to the receiving tambour just above It This latter tambour li arranged for picking up 
finger movements The third recording pen Is operated by a smalt electromagnet to give records 
of such things as stimulus presentottons The polygraph Is driven by a constant speed motori and 
knobs at the side of the polygraph set the speed of the drive. (See the discussion of polygraphs 
Inter In the chapter ) 



Fig, 3 A tambour with writing lever 

The oir Input end Is continuous with the dosed pneumatk system of a pneumograph or some other 
such Instrument B h a metol case at the end of the dosed olr system, and A Is a drum surface of 
thin rubber pulled tightly ocrois the top of the metal case C Is a small plate of metal fixed to the 
rubber lurfoce and hoving a prelection on which the freely moving stylus, 0, rests Varlatforu In 
olr pressure within the pneumatic system will produce movements of the rubber membrane A, which 
In turn moves the stylus D Nole thot the position of coupling between C and D can be made to vary 
by adjusting the position of E on the hotlow rod, and thus variations of degree of amplification are 
produced, 
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these are lepioduced at the output end To test amplification the 
expeiimentcr may take the latio of the lengths of the two arms around 
the fulcium of the level, oi he may mo\e the input end a ceitain 
distance and compare the lesulting movement of the output end witli 
that distance Such means, howevei, will serve only foi a vei*y 
pieliminaiy estimate of such chaiaetenstics, but if the experimenter 
IS building 01 levising a system he usually needs to know something 
about the effects of the stmctural elements on the characteristics 


Range and Sensitivity 

The expenmentoi usually pays consideiable attention to the lange 
of his measuring instruments He is concerned with the smallest 
change and the laigest change which hib apparatus system will 
legistci The general natuie of a paiticulai investigation determines 
the points of these limiting factois Foi example, the lowei limit of a 
pneumogiaph could theoKtically be set in such a w^ay that the instru- 
ment w^ould pick up heart beats as well as breathing curves of 
inspnation and expiiation So low a limit w'ould ot couise be undesii- 
able in a purely pneumogiaphic ln^estlgatlon The usual procedure 
IS to dcteunine the range, i e , tlie laigest and smallest values, desned 
for a paiticular study and insure by test that the system registers in 
this specified lange 

Foi an illustration of the iippei limit we may return to the pneumo- 
giaph Careful inspection of Figs 2 and 3 will indicate that inspi- 
lation sti etches the nibboi pneumograph and so diminishes the an 
pressure in the system, resulting in a diop oi dowmstroke of the tambour 
stylus shown in Fig 3 If the tambour w'^ere so arianged that a full 
diop could be obtained with less than full inhalation, a certain part of 
the response w ould be cut out of the record, and only a flat place, rather 
than the full cur\e, would show 

A large range is, of couige, a desirable characteustic for a system 
The expoi imentei , however, will usually iiave to accept a compiomise 
on thi*^^ point, foi, othei things being equal, a system wuth a wide lange 
will have a low^ sensitivity (gam, or amplification) This is defined 
as the ratio oi the output leading to magnitude of input — mure pre- 
cisely, the latio of the change m output to the change m input In 
general, these two values wull not represent the same physical dimen- 
sion, for the output will be measuied as the distance mo\ed by a point, 
whereas the input may be movement, pressure, temperature, voltage, 
or whatevei else the experimenter is measuring Sensitivity, of couise, 
needs to be measured with inputs of different sizes m oidei to find the 
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opeVatlng mngc uf the system and to determine whethci its action is 
proportional to input throughout its ranges It is likewise checked 
undei vaiious exteinal conditions to verify its constancy 

In a pulley and level system the only gencial structuial features 
which will affect the gam aic the latio of the anus of the levei and the 
mechanical advantage m the pulley system A change m any one of 
the structural elements of a pneumatic system will affect its amplifica- 
tion chaiactenstics Diicct photography of the mcU\iduars i espouse 
IS the simplest kind of optical lecordmg system, and the amplification 
(enlargement) of the recoid depends on the cuivatme of the lens used 
and its nearness to the ob}ect bemg photogiaphed With extremely 
great enlaigement, of couise, the uppei limit of the lange is fixed 
by the graminess of the film used Purely optical amplification is 
detei mined by the length of the beam of light after it is leflected 
and by the angular position of the iouice and lecoidmg suiface 
with rcbpect to the muroi These featuies are desciibed latei in this 
chaptei 

The pioblem of sensitivity in electrical systems becomes somewhat 
nioie complex* In the simplest electrical system, a source of electric 
potential in the h^dy, e g , brain potentials, muscle potentials, sweat- 
gland potentials, is connected directly to a recording instrument, which 
will also serve as a conveitei To this basic circuit a numbei of sup- 
plemental y devices may be added for one purpose or another The 
system may include such converting coupling devices as a microphone, 
vibiation pick-up, or photoelectric cell between the subject and the 
electiical ciicuit, and additional and moie complex indicators, such 
as oscilloscopes and magnetic pens, may be added 

In electrical recording systems much greater control over sensitivity 
18 obtained by the introduction of vacuum tubes into the ciicuit The 
general arrangement of such a system is as follows Theie is a somce, 
called a signal source, wdiich the experimenter is attempting to amplify 
and measuie or record In addition to this signal source theie is a 
power source, which supplies the vacuum tubes diieotly The faint 
signal IS led to the first tube, where its chaiactenstics are impiessed 
on the compaiatively laige flow of curient through the tube Vaiia- 
tions in cunent flowing through the tube now have the same form or 
pattern as that of the signal, but the magnitude of the variations is 
greatly increased A simplified analogy may be desciibed in teims of 
a laige water dam (a great power source) at which a small valve is 
manipulated m certain patterns of movement (the signal) The 
resulting powerful flow of water from the dam will be modified by 
variations m the small control so that their pattein of variations will 
be the same Thus a small force excited on a valve greatly vanes the 
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flow of watei fiom the dam In both cases vaiiations m a aniail force 
produce magnified variations m a laige foice In the electrical system 
deeciibed abo\e, a single tube is involved, gmng a single stage of 
amplification If the piocess is lepeated, i e , the amplified signal is 
allowed to vary the cunent flow of a second tube, we get further 
amplification This process may be continued through thiee or foui 
tubes, wuth the output peihaps reaching ten million times the ongmal 
signal input ^ 

The gam of an amplifiei may be easily controlled by adjusting 
voltages Quite fiequently aiiangemcnts are made so that the gain 
13 set at a desired value by turning a knob oi throwing a selector 
switch Once set, the sensitivity oi amplification is a rathei stable 
value 


Amount of Distortion 

The sensitivity of a lecoidmg syrtem is what is knowm as a “static’^ 
characteristic, it appears when the input moves from one steady state 
to anothei wdiich lasts indefinitely In measuiing responses, however, 
the experimenter is seldom confronted with so simple a problem 
Responses are geneially of veiy limited duration, and the experimenter 
cannot wait for the appearance of a new steady state before he takes a 
reading It is necessary to have a system that will keep up witli its 
input changes without distorting the record, hence one is foiced to 
think of the '^dynanuc^' chaiacteuBtics of nieasuimg systems 
In any mechanical system there are three foices acting m addition 
to the one to be lecorded the inertia (peihaps detei mined by mass 
moved), a lestonng force (eg, elasticity), and a damping foice (eg, 
fiiction) A non-mechanical recoiding system is also likely to have 
some 01 all of these forces operating within it and so, if they are 
improperly combined, to distort the record when the input is chang- 
ing — and distort it moie the fastei the change Greater inertia makes 
a system sloww in action, greater lestonng force makes it faster but 
tends to make it oscillate, gi eater damping makes it less sensitive to 
transient changes but makes it come to rest sooner 
Some recording systems aie free from inertia, pure optical systems 
and several electiical systems which aie used 'with cathode-ray 
oscilloscopes as mdicatois have none See Fig 7 Systems of another 
group have inertia but lack lestoring force, eg, a horizontal piston 
A great many systems- — ^levei, pneumatic, and certain electrical — have 
all three factois In these types of apparatus there is, therefoie, a 

3 For details of ampbfier construction the reader is referred to [171 and [20] 
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limitation on the speed of change that can be acciiiatelj lecoulcd, and 
the hope ot a tme record lies in keeping the speed oi the appaiatus 
well above that of the responses to be lecoided The nio^^t diiect way 
of finding the speed limitations of a system i^ to intioduce into it 
changes of a standaul size but of \aiying speed and to obseive how 
well the system follows these changes 

If the possible speed of the appaiatus is not high enough, it is 
Bometimes said to although this teim is not quite dcseiiptive 

What happens is that the mdicatoi docs not reach its full leading 
befoie the input changes again, wheieupon the indicator le^el 6 es its 
diiection and nevei i caches a tiue rending of the fiist change Any 
system which has both ineitia and lestormg foice will have a “lesonant 
point’^ 01 natuial fiequency of vibiation If this is below the fiequency 
of the lespoiises to be lecorded, the indicator may show oscillation 
or "bounce” before coming to lest The bounce may be eliminated by 
more damping, eg, by fiiction, but is bcttei cared foi bv adjustment 
of meitia and lestormg force, eg , by mcieasing elasticity The tliiec 
factoiB of ineitia, restoring foice, and damping force may be deter- 
mined by the size and mateiial ot the paits oi by the way they aie 
connected (then "coupling^^) » 


Local Back Action 

The third operational characteristic mentioned is local back action, 
which aiises fiom the fact that whenever the oiganism does "woik” 
on a system, the system also does "work” on the oiganism In this 
way the recording system may tend to destroy the veiy thing it ib 
supposed to ineasuie To illustiate, an experimenter might tiy to 
measure the temperatuie changes of an aiea of the skin by passing a 
stream of air over it and measmmg the tempeiatuie of samples of the 
air It 18 clear that his results would bear no simple lelation to skin 
temperature, because while the body is heating the air, the an is cooling 
the body Of course, the expenmentei must decide what aspects he 
wants to measuie before he can decide whethei his system has much 
01 little back action For our purposes of measurement we may con- 
sider the organism as a generator on which we may measure several 
physical variables Some of these measuiements we may call potentmlf 
otheis displncement Readings of muscular force, picssuie (as m 
blood pressme), temperatuie, and electromotne foice are examples 
of potential measurement, leadings of movements, flow of electric 
current, and hcftt dissipation aie examples of displacement measure- 
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ment Fiom di^^placcment lacasuiomcnts \a!ue& for energy or york 
may be dtined 

To a^old local back action, one c'^scntial is that m meabuung poten- 
tial no pait of the potential be lo'.t in piocUioing displacement, and 
m recording displacement that no pait of the potential motion be kept 
as meie potential because of some opposing foicc As simple examples 
of this pioblcm we may clesiie to measuie stiength of hand gup (poten- 
tial) and the extent of the knce-jeik leflex (displacement) \Vc would 
need to pic\ent the hand fiom moving while measuiing tension, and 
ive would need to pi event the stung oi bai coupling fiom holding back 
on tlie leg so that it could not pioducc a full excui'^ion 

Evidently apparatus which will pi event back action in one kind of 
mcasuicment may pioducc it in the other, and in any sort of mechani- 
cal system it ib impossible to attain the ideal The relationship of 
the thiee basic fentuiCb — mcitia, lestoiing foice, and clamping — deter- 
mines the back action of a system, as it doe« the distortion In 
mcasuimg foicc or piessuie, ino\ement is usually kept at a minimum 
by giving tlie lecoidmg bystem a higli elasticity to oppose the move- 
ment In a pneumatic system the uibbei niembiane provides some 
of this elasticity, and a spring is often added to juoducc more Foi 
purposes of lecording puie movement those featiues wdiich will impede 
movement, namely, mass, elasticity, and friction, are minimized A 
puie optical system is ideal foi lecorcling movement because it has 
none of these featmes If the ojiticnl system is used to record pressure 
or force (potential), it needs a mechanical oi clectiical bupplement 


Summary of Characteristics 

From the lequiremcnts for recording systems and then capabilities 
w^e may make a geneial summary; of the assets and liabilities of the 
foui piincipal types The most famihai in the psychological laboia- 
toiy IS piobabl^ the pneumatic system, which wuth the lever and 
pulley system has been the basis of most recording apparatus in the 
past An experimenter soon feels *^at home'’ with these systems 
because so much of their action is visible and because they resemble so 
many appliances found outside the laboratoiy On the other hand, 

^ A few measuiements used m psj ehological woik aie of a third type, in these 
the oiganism is considered the lecipient mther than the genoiator of force, and 
its resistance oi reaction to the force is nieosnued The measurement of galvanic 
skin lesponsB is the commonest example (pages 377^78 and 413-414) Ultimately 
these are force measuiements, for bv comparing applied force with the resultant, 
one discovers the characteristics of the oiganiem 
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tliG mechanical systems, which look rather simple, aie dynamically 
veiy complicated, because their operational characteristics depend on 
so many structural featuics Then back action can be only reduced, 
not completely eliminated For lecoiding unimpeded movement an 
optical system has the gieat advantage of lacking ineitia Even when 
it IB necessaiy to mount a mnror or some other coupling or converting 
device onto the subject, the mass moved can be kept negligible On 
the othei hand, optical systems, including direct photography, have 
the disadvantage of foicitig the expenmentei to wait until the 
film has been developed before analyses of the records can be 
made Electiical systems can also opeiate without inertia if they 
use cathode lay tubes as mdicatois See Fig 7 If peimanent rec- 
ords are desired with such a system, theie is, of coui'^e, the necessity 
of adding pliotogi aphic equipment and ivaitmg foi the development 
of the Sims 

All these methods ha\e been used to good advantage in psychological 
experiments by investigators w^ho w^ere caieful that then instruments 
should meet the lequiiements of the situation In lecording the knee- 
jerk reflex, foi example, Wendt [26] used a pulley and level system 
which was very fast and had little back action He took advantage 
of the tliickcning of the quadneeps muscle during the response by 
attaching a light lever to it, so that the lexer would move when the 
muscle thickened This lever then pulled a thiead attached at the 
other end to a wTitiug lever, wduch traced an accurate lecord of the 
response 

Pneumatic lecording was developed to a high point by European 
wwkers a generation or moie ago In modern times an impoitant 
example of pneumatic lecoiding is found in a senes of studies by 
Luna [19], who used a system foi recoidmg fingei movement oi 
pressuie very much like the one pictured in Fig 2 With it he lecoidcd 
the mvoluntaiy and voluntaiy finger responses which subjects pioduced 
in a serious conflict situation 

An interesting case of diiect optical recoidmg is found in the studies 
made by Landis and Hunt on the staitle response [16] These 
studies are desciibed in Chaptei 12, pages 378-380 

There are many good examples of electrical lecordmg techniques 
used to great advantage in the psychological laboratoiy The lecord- 
ing of electnc potentials from the bram (electroenceplialogiaphy), foi 
instance, is usually earned out with a great deal of attention to instru- 
mentation, and there has been built up a large body of information 
about brain actions in relation to psychological states and piocesses, 
which would have been impossible without this technique. Descrip- 
tions of tins important w^oik are given in Chaptei 16 



SOME COMMON RECORDING SYSTEMS 


In orclei to make one of the general types of iccor<lmg pene 

a particulai puipose, the cxpeiimentci usually emplo>s an a]>j)jopiintc 
coupling device as the first element and then makes tuic that the 
reinaindei of the system is adequate to indicate the changes picked 
up by the coupling unit It ifl the coupling unit that determines vhat 
IS to be measuied 


Temporal Measurement 

Piobably the simplest response charactciiPtic to recoid is the time 
or fiequoney of occurrences In this type of nioasuicmcnt the expcri- 
inentei first decides what constitutes an occuircnce for lus purpose 
will he count a slight muscle UMteh, for example, or any actual Jimb 
movement, or onlv those of sufiicient energy to move a telegraph key 
against the opposition of its spring? The system most often used for 
temporal recoiding is electrical, and the commonest coupling de\ice is 
the closing oi opening of the gap (or switch) between tvo contact 
points m a circuit The gap is closed by a specified movement, and 
with each closure the counter is activated by the electrical circuit 
so formed This is the setup for the measuiement of leaction time 
(see pages 461-463), the tapping board, the steadiness tester (see Fig 
1), and the dcMces for counting departure from a piesciibcd path in a 
stai 01 maze tracing with a stylus 

If the response is a sound, the air vibrations operate a simple switch, 
as in the plan of the original ''voice key ” Electionic de'sncos are now 
available which aie more sensitive and reliable [8, 18] In these the 
Bound la converted into electrical impul^ies, vhich activate a circuit 
thiough a special tube Electionic devices are also advantageous for 
timing movement, the movement may mteirupt a beam ol light which 
activates a photoelectric cell In addition to being more sensitive and 
reliable, such a device also avoids putting any load on the subject 

For counting or timing the indicatmg device is usually quite simple, 
it needs only to indicate the presence or absence of a response at a 
specified time In a counter such as that shown in Fig 1, an ordinary 
electiomagnet moves the pointer one scale division each time the 
circuit is closed by the key 

The chronosco'pG has long been a very important instiumeut in the 
psychological laboratory because of the many problems which demand 
measurement of the time between stimulus and response — leaction 
time, The student is referred to Chapter 16 for descriptions of the 
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psychological applications ut leaction-tinie nicasuicments Although 
chionoscopcs ha\e been constiucted on many plans, the usual mech- 
anism now IS a ^yncluonous motor dnven at a constant speed by the 
regular pulsations m the 60-cycle olcctiic pouei Imo The driving 
mechanism is not connected to the pomtei hands at all times, but the 
connection is made uhen an elcctiomagnet moves a wheel to engage 
it with the dimng mechanism When the curient thiough the magnet 
IS turned oft by the subject’s bi caking his coupling s\\itch, the hands 
are disengaged again by a spniig Thorefoie, the hands on the dial 
wnll run only so long as cuiiont flous in the magnet and will legistei 
the length of time it ha? been fltining Such chionoscopes usually 
measure m hundredths oi thousandths of a second, the latter unit 
sometimes being called millisecond oi sigma (cr) 

Another type of chionoscupe has been intioduced wdiich woiks on 
an electiomc piinciple [13] As long as the ciicuit of this instniment 
IS closed, a condenser v ill build up a liighci and highci voltage Thus 
the voltage on the condcnsei is a lunction of the time the ciicuit has 
been closed, and a voltmetoi connected to tlie condensei by a vacuum 
tube 13 used to measiue this lesulting voltage, uhich can be converted 
into milliseconds This kind of chionoscopc is absolutely noisele'^s 
and a\ouls the mechanunl inaecuiacies that aie likely to afflict an 
instrument with moving paita 


Graphic Recording with Time 

In many experiments moie than the time or fiequency of a given 
change needs to be recoided, it may be necessaiy to determine the 
progress of changes in some othei dimension as they take place m 
time For this two-dimensional lecoidmg a giaphic lecoid is most 
convenient A paper oi film suiface may be ai ranged to move 
steadily, vhile an mdicatoi niaiks on it changes in some othei vaiiable 
in a perpendiculai dnection to its time motion Such a device is gen- 
erally teimed a kymogrcqyh or, if seveial lecords aie being made, a 
polygraph Tiacmg on the paper is made by a level, often deliveimg 
ink thiough a capillary tube See Fig 2 A veiy common plan, 
however, is to cover a glossy suiface of papei with a light coating of 
soot, which the wniting level then icmoves as it moves along Such 
a recoid is preserved by coating it wuth shellac Sometimes a wax- 
covered suiface is passed by a heated stylus or levei, wduch lemoves 
a thin line of the wax and uncovers the daiker papei undeimeath, thus 
producing a giaphic lecord of the level’s movement For optical 
recording, a photopolygiaph is constiucted in such a way that an 
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enclosed loll of film is pa-r^ed b> a slit at a constant cpced, and the 
light beam is led in thiough the slit Illustiationa of polygiaph lecouh 
\m 11 be toiind on pages 378, 412, and 617 
WhatevGi genciul ])lan ot giaplnc locouling is used, sc\ernl mailables 
may be mcasiued siuniltanGously by UMng niuie than one pen, stylus, 
01 light beam The iinestigatoi also needs an additional \\riting 
vouicc to indicate cc|ual time intenaK, and this is of course essential 
when the kMiiogiaph is not diucn by a syneluonous motui For 
lecoidmg time intcr\als the usual elevico is a small electromagnetic 
marker activated by contacts legulaily made by a small syncluunous 
mot 01 The same aoit of niarkei i^ gcneially used foi indicating on 

the leeoid whenevci a fctiinulus i> gnoii oi some other c\ent takes 
place In optical lecording a small aigon glow lamp is flashed with 
the closing of a ciicuit, and this may take the place of the electro- 
magnetic maikei for piiiposcs of timing oi stimulus lecouhng Bee 
Fig 8 


Coupling for Measuring Movement 

It IS fieqiiently desnable to leeoid the vaiiations m movement oi 
force (piessuie) with time ]\Io\ement is lecoided, for example, m 
studies of bieathing, blood distribution and pulse, and eye movements 
Any of the four kinds of lecoiding systems may be used for the regis- 
tration of movement, although the electucal is not often used foi this 
purpose at the present time Of com so, tJie feature that makes a 
system suitable foi lecorcling a ceitain mo\ement is the nature of tlie 
coupling or conxeision unit which connects it to the oigamsm 

Reflexes or voluntaiy movements are often lecorded wuth a lexer and 
pulley system, with a direct attachment of a lexei oi thread to the 
moving membei, if the position of the body as a whole is fixed m some 
way Sometimes the “dimensionality” of the movement is ignored, 
and the hand and aim are allow^ed to move about freely on a hoiizontnl 
plate while the complicated pattein of movement is being recorded 
Such IS the case with the automatoguiph Similar movements of total 
body sway aie measured by attaching a horizontal plate to the head 
of the subject and allowing a fixed vertical maiker to lecord on this 
plate as the body piodiices involuntary swavmg motions This instru- 
ment is called an ataxiameter 

Moie often, how^ever, the pioblera is to lecord limb movements in 
one dimension, as for patellni reflex, fingei tremor, or voluntary move- 
ment m a particular diiection In such responses the pait of the body 
wdiich 16 going to move, eg, the limbj is often attached to a wiitmg 

405 



Ic'ver directly or by means of a thread running over pulleys, so that 
the writing lever deflects and marks on a moving kymogiaph whenever 
the pait moves Usually a 'weight is added to the lever to bring it 
back into position as the lesponse comes to an end Or a pneumatic 
transmission system like that shown in Fig 2 is used In this 
system as the pait (the fingei) moves, the membiane on the capsule 
IS depiesscd or released and produces tliiough the pneumatic system 
a movement of the wnting level An optical system has the advantage 
of avoiding ineitia in the legistiation of movement The optical sys- 
tem 13 ananged so that the moving part casts a shadow, of which a 
camera with a moving film takes a picture Instead, a tiny rairioi 
may be fixed to the moving part, and a small source of light made to 
leflect a beam fiom it into a moving film camera (a 'photopolygra^h) 

With a suitable coupling device, an electiical tiansmission system 
18 sometimes used A photoelectuc cell serves this pin pose, oi a small 
plate IS attached to the subject, so that, as it is brought closei to a 
fixed plate dm mg the piocess^ it acts as a variable condenaei, the 
changes in which operate the electneal tiansmission system [22] 

Theie are some objections to using the limb itself as a levei in 
recoidmg movement because it is heavy Another plan is to record 
the thickening of the muscle which moves the limb Coupling then 
may be accomplished by surrounding the limb with an elastic band 
and letting the variations in the band activate the system, accoidmg 
to one of the above schemes A moie useful plan, howevei , is to attach 
the couplmg device to just one point on the surface over the muscle 
without a suiiounding band. This was the plan used in the Wendt 
expeiiment described previously 

The movements of bieathing aie most often recorded pneumatically 
with an elastic-band aiiangement A device called a 'pneumography 
consisting of a hollow rubber tube ananged like a bellows, is stretched 
and tied around the chest, and the amount of air in and out of the 
tube or chamber is commumcated to the lest of the pneumatic system 
Several plans for using electrical rather than pneumatic recording for 
bieathing naovements have been suggested [14, 16, 22] These require, 
of course, some couplmg device which will convex t movements into 
eleotnc waves One plan is to have the movement vary the distance 
between two plates, which act as a condenser, the same plan as men- 
tioned above for recording limb movements. 

Registering Ocular Movements 

Recording the movements of the ins, eyeball, or eyelid is a rathei 
special problem because the attachment of any mechanical device 
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tends to intioduce too much back action m addition to being annoying 
to the subject Optical oi electrical devices are used foi this pmpose 



Fig. 4. An instrument using an optical system for recording eye movements. 

The comoQ of each eye reflecfi a Hcihl beam onto the pholograpKk paper which ]» conlinucMnly 
moving In the back part of the Instrument See alio Fig 5 below 


.Surface 
of cornea 


^Adjustablo 
/ lens tube 


[2] Changes m pupillary size ^UghUource 

(uls movement) may be photo- 

graphed, although the presence /-Adjustable 

of a bright light is a handicap — lenstubo 

because it will itself affect pupil \v surface 

size The pupiiometer IS a tele- /^f cornea 

scope with Cl OSS haii e or circles, / 

'which may be manually ad- Moving j' 

justed until they aie tangent 
to the size of the pupil The ^ 

manual settings are sometimes Rg, 5 , Diagram of the optical system 
recorded graphically [1] In Fig. 4 above 

Movement of the eyelid is 

sometimes recorded by attachmg a shver of paper to the hd (' 'artificial 
eyelash”) and providing a beam of light so that the shadow of the 
artificial eyelash will fall onto photopolygraph See page 616 
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Rg. 5. Diagram of the optical system 
In Fig. 4 above 



The mstiumenl: most oiten used foi lecoirling eye mo^emeut^, 
chiefly honzontal movements, is of the type shown m Figs 4 and 5 
In this instillment small light souices me housed in thq knob-like 
pi ejections opposite tho subject’s mouth m the pictuic, and these thiow 
beams of light, one on each cornea, ^hcic they do not affect tho ‘^ub- 
ject^s vision The glossy suifnce ol the cornea icflccts the light beam, 
which IS then tiansinitted thiough the tubes just above the light 
sources and focused onto the moMiig film oi papei This lecoiding 
scheme depends on the fact that the eyeball is not peifectly spheiicnl, 
for if it were, the angle ol leflection would not of couise be changed 
by lotaiion of the eyeball Because the lecoiding film oi papei moves 
at a steady rate, the recoul ol the oidmary jumpy oi saccadic move- 
ments used in leading looks like an iiiogular staircase The instm- 
ment is of couise calibiatcd when the expeumenter wishes to measuie 
the size of the movements 


Registering Force or Pressure 

To measuie foice oi piessuic, a potential measurement, a system of 
apparatus must offei enough opposition to pi event any gieat amount 
of movement, otheiwise, measuiement wull be fahilied by back action 
For the measiuement of mechanical foicc the opposition is most often 
provided by a spring or by compiessed an, and the registration is 
accomplished by a mechanical oi pneumatic system 

A simple foice-measuiing instiument is the dynamometerj oidmarily 
used without any time recouhng The object of tins instiument is 
to indicate the maximum foicc of a musculai contiaction (^olunta^y), 
and airangcments are made so that the musculai foice works against 
a veiy stiff spiing, wheieupon a pointei legisters the compression (or 
extension) of the spiing 

One of the commonest and, at the same time, most difficult of pies- 
siire measuiements is the measuiement of blood piessme The chief 
difficulties of the problem are that the piessuie of the blood m the 
aHeries changes so lapidly and that it must be measured rathei indi- 
rectly The piessuie goes through a cyclic change with every pulsa- 
tion of the heait, reaching a maximum with the systolic stage and a 
minimum wnth the diastolic Theie aie, theiefoie, thiee kinds of 
blood-pressuro values the systolic, the diastolic, and the pulse prea- 
suie, which is the diffeience between the two Clearly if a ineasme- 
ment is to be at all definite, it must represent some particulai point 
m the cycle, such as the maximum oi tlie minimum 
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If the experimenter could se\ci an artery and connect the pulsating 
end directly to a piessure-recording system, a manometeij the flov\ of 
blood would be stopped, and the manometer would indicate pressme 
vaiiations Since this direct method is usually impossible, the expen- 
mentei obtains a leading by applying enough piessuic to the sides of 
the un6e^eled artery to cut off blood flow This pie^suie is applied 
by means of a cuff, which is inflated by the experimenter For s>rtolic 
measuiement the cuff is inflated until only the pulse is hcaid belo\\ it 
by means of a stethoscope Toi diastolic measurement, there is less 
cuff pressure, it is deflated until the expeiimentei can hear a dull 
thud instead of the snapping sound of the pulse The pro^^iuc of tlic 
cuff IS, m geneial, just equal to that of the blood sticam, which it 
balances, thus the blood picssuic is determined by reading the cuff 
pressure on a manometei when the balance has been reached 

Such a method as the foiegoing gives a leasonably goofl indication 
of the general level of the blood pressuie, bub the geneial level is of 
more interest m medical practice than in psychological studies The 
experimenter usually wishes to obtain a senes of rapidly successive 
measures, and this is much more difficult, although some apparatus 
systems have been dexised to obtain lapid and automatic readings of 
blood-pressure changes [4, 23] 

To record the pi assure of the pulse presents a similar problem, 
because it is often measured by a comparison of systolic and diastolic 
piessures Most fiequently a less accurate record is made by having 
a small knob press against an artery by a spring, by weight, oi by air 
pressure, and the movements of this knob aie then leeordcd by an 
appropriate system [9, 21] The pulse wave with its complex har- 
monics 13 so rapid that accuiate lecording is almost beyond the limits 
of mechanical devices [28] 


Recording Vocal Responses 

For the recording of vocal responses electrical systems have almost 
wholly supplanted all other kinds In this case aii-piessure variations 
(sounds) are converted into electiical wa\es by a mieiophone, and 
these waves are enlarged by an amplifier Because of the relatively 
high frequencies (short wavelengths) involved, the best indicating 
instrument is the cathode-ray oscilloscope The resulting \save foims 
may be viewed directly on the oscilloscope, as in Fig 6, or they can 
be photographed on a fast-moving paper for later analysis 
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Electron beam 


Ftg, 7* A typical cathode ray tube, a$ used In the oscilloscope represented 

in Flg» 6 above 

ITte horlrontai doftedfon pfQT«k cagi« fhe ifream of efecfroni to move back and foHh acro*s Jho 
screen The v«r«col dofladlon plates are connected wlHi the microphone and produce fhe vertical 
movementf in accordance wtth the loond 
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Measuring Work 


As different from movement and pressure, investigators usually 
employ the terms woiL and energy in lather specialized senses Work 
refers to the work done by an organism on an external object, and 
energy refeis to the heat energy geneiated in the whole oiganism 
(metabolism) 

Because woik implies movement of an object, the iccoiding is theie- 
foie a recoidmg of moveraent imdei special conditions As different 
from the studies in vhich displacement is measuicd, the subject's 
movement is opposed by some force foi piuposes ot btudying woik, 
because it is the movement of a load that constitutes \^o^k The load 
which the subject mo^es is usually a weight oi a 'spring, although the 
spiing has the disadvantage of oflermg moic and inoie counterpull as 
it IS sti etched The load may be attached, of course, to any part of 
the body capable of doing woik Because it has been found that 
there is a tendency foi the subject to shift to anothei set nf muscles 
when one set becomes fatigued, it is necessaiy to lestiict undesired 
movements wdiich might sei\e as substitutes by le^training adjacent 
parts of the body 

Woik 18 pel formed, of course, when the subject is lifting a weight 
or stretching a spring In the strict sense, no work is done on the 
“down” stroke when the subject eases the load back to the resting 
position, yet the subject wull tend to exert a letardmg force w^hich 
might otheiwise bo used to do moie wwk To avoid this waste, a 
catch mechanism is sometimes piovided on the eigograph to take the 
load off the subject each time he leaches the top of his pull For a 
description of tlie psychological measuiements and factors involved 
m work study, the student is referred to Chaptei 16 


Measuring Energy 

For the measurement of energy production in the whole oigamsm 
(general motaboli&m), there aie tw^o chief methods the physical, 
which depends on measurement of heat produced over a period of time, 
and the chemical, wdiich depends on measurement of oxygen consump- 
tion or caibon dioxide pioduction [10] In order to obtain a measme 
over a shortei period of time, variables which coirelate with general 
metabolism are sometimes used as indices One plan measures what is 
called “inaensiblo perspiration” by keeping a very accurate record of 
the subject's w^eight loss from moment to moment with an elaborate 
automatic balance [5] The theoiy behind this procedure is that 
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watei IS pioducetl aw one of the lesults of metabolism, and that weight 
will be lost as the watei vapor is given oflf 


Measuring Electrical Changes 

Because eveiy bodily response generates electrical changes, the 
lecordmg of these change's is often the most convenient means of 
studying the icsponse, and sometimes it la the only one Electrical 
changes aie commonly recoided m four types of measurement of 
heart action (electiocaidiogiaphy), of skeletal-muscle action (electro- 
myography), of biam waves (electioenccphalography), and of sweat- 
gland action (galvanic skin response) The first three aie electric 
potential measuicments and may be accomplished with the same 
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Fig 8 Photographic records of electrical responses 

Th* lower record t> an eledrocardtooram, the upper on eledromyogram taken jlmultaneooily 
Ttie doll ore produced by the Sashing of an argon lamp and represent Intervali of 1/60 of o second 
The solid horizontal line, produced In a similar manner, represents the delivery of a signal to the 
iub[ect Indicating that he should lift his forefinger 


apparatus, the fouith may be eitlier potential or resistance measure- 
ment The coupling device for picking up any of these changes is 
veiy simple in pimciplc, consisting merely of a pan of electrodes 
The placement of the electiodes may be “bipolar’' or “monopolai “ 
When both electiodes are placed close to the site of the change, the 
anaugement is called bipolar Foi monopolar recoidmg, one electrode 
13 placed near the site of the change, and the othei on some distant 
and inactive tissue With bipolar lecording the lesponses of two 
areas will be picked up by the electrodes, with monopolar recording 
the lesponses of only one area aie picked up Hence monopolai 
recoidmg is easier to interpret [6] 

The electwcmdiogiam lepreaents a laige potential wave, or rather 
a senes of waves, aiising as a result of the action of the heart muscles, 
but permeating the body so that it can be picked up by electrodes 
located almost anywhere on the body, provided they are far enough 
apait A conventional aiiangement is to put one electrode on each 
hand oi one on a hand and one on an ankle The electrocardiogram 
ID Fig 8 was reooided in this way The elect) oinyogram needs to have 


at least one electrode quite near the muscle which i-i actnc The 
recording sho^Mi in Fig 8 was made with one electrode on the back 
of the foreaira about 2 inches below the elhou, and the othei on a large 
thick pad on the upper arm, which had the efiect ot making the 
recording monopolar Because the elfcUoencephaloguim lepiesents 
a potential arising m certain parts of the brain, one or both of the 



Fig 9« Eloctncal system with vacuum tubes used for measuring the galvanic 

skin response 


The eltcfrodes here ore cupi wHh zinc plates covered wllh MnOa sooked In 0 9 % salt loluHon, 
that In turn being covered with a pod looked In saline The meter ot the right regliien changes In 
the subject's retlstonce, OSR. The meter at the left sFk>wi the constont current through the subject 
The reoding of the meter In the center Is used to compute the subject's tofol resistance The operator 
keeps the third needle on the scale by turning the center ki>ob 


electrodes must be attached to the scalp [17] For monopolar record- 
ing, the second is usually attached to the lobe of the ear 
For recording any of these phenomena the waves picked up by the 
electiodes are fed into an amplifiei and sent to the lecoidmg instru- 
ment, which IS usually either a cathode-ray oscillograph (Figs 6 and 
7) or a magnetic ink writer The latter is a light capillary pen moved 
across a recording paper by the pull of an electromagnet, winch is 
energized by the waves coming from the amplifier See also pages 
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448-452 Special devices are sometiinea added to electroencephalo- 
giaphs and myographs to help in the mteipretation of the lesulting 
recoi db An integrating circuit may be ai i anged to add all the \\ avCB 
coming through the amplifier in a specified peiiod of time and to indi- 
cate their sum [11, 12] Foi electroeiiccphalogiaphy theie haa been 
much interest in the frequencies of the \va\es generated, and one device 
has been perfected to perform a haimonic analysis on the waves as they 
come through the amplifier It then adds togethei all the waves of 
each frequency and recoi ds then sums [25] 

Appaiatus for the incasuiement of the galvanic skin espouse 
(OSR) may be aii anged to iccoid eithei potential oi apparent resist- 
ance, foi the skm connected at two points to an elcctiic ciicuit will 
show either a ccitain potential oi a certain appaient lesistance to a 
cuiient made artificially to flow thiough it Most frequently the 
expenmentei dcbues to measure changes m apparent resistance pro- 
duced by certain stimuli Cunent is passed through the skm of the 
subject, and enough lesistance added to the ciicuit to adjust it to a 
predetermined value Fiom this the initial resistance of the subject 
can bo computed The de’snations from this initial value foim the 
galvanic skm response^ which the cxpeiimenter records The curient 
will natiiially change somewhat while tlie subject is lespondmg 
Because of this factoi it has been found desirable to make the current 
adjustments automatic by means of a vacuum-tube ciicuit [7] An 
instrument opeiating on this plan is shown in Fig 9 The changes 
may, of couise, be amplified and recorded with a magnetic ink writer, 
rathei than being measured by a simple meter 

SUMMARY 

This survey of the recoiding apparatus of the psychological labora- 
tory might be described as a discourse on the theoiy of i Hiding 
A distinction was made between adjustments that are enviionment 
directed and those that are more neaily absolute In attaining the 
more abstract types of experimental measurements the experimenter 
18 cautioned that his readings must refei to real measurement scales, 
and that the apparatus must not markedly change the thing to be 
measmed and must have sufficient sensitivity to reooid adequately the 
changes that are arbitrarily chosen for the dependent variable m any 
investigation 

Appaiatus units have been analyzed in terms of thou coupling, 
transmission, indicator, and conversion parts The major types of 
recording systems have been discussed, and their lelative advantages 
indicated foi different types of investigations 
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This brief tieatment of laboiatoiy techniques nf lOLording action 
should make the student feel inoie at home in leading the litciature 
of experimental psyclioiog^^ in uhich piocess it is usual foi him con- 
tinually to be asking how the appaiatus was used and wbat assump- 
tions were involved in the recoiding of each particulai response 
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Chapter 15 


Studying Neuropsychology and 
Bodily Functions 

Donald B. Lindsley^ 


Neuiopsychology is not a field by itself It is simply an area of 
investigation which cuts acioss the disciplines of psychology and 
neurology and, to some extent, other related fields, such as physiology, 
anatomy, biochemistiy, and biopliy&ics Priniaiily it attempts to 
study behavior in relation to some aspect of nervous processes This 
may be done in the course of development of the nervous system, on 
occasions when the nervous system is delimited by jiathology oi special 
operative techniques, by stimulation of selected parts of the nervous 
system, and by electiical recordmg techniques which serve as ‘'listening 
posts” along nervous pathv^ays 

The objectives of neuropsychology, like those of psychology, aie a 
better understanding of behavioral processes, so that ultimately the 
piediction and contiol of behavioi may be advanced Psychological 
experiment is conccined with lesponses or behavioral changes which 
may be correlated with specific stimulus variables or stimulus situa- 
tions With certain vanableB eliminated, held constant, oi otherwise 
oonti oiled, the reactions of the organism may be said to be a function 
of the independent or experimental vanable Neuropsychology is 
concerned with ceitam inteivening variables, as well as with the 
cxtenial stimulus variables, i e , with the pait played by the neivous 
system in mediating and influencing the i espouses of the organism 
to its enviionment 

There are ceitam properties of the nervous system which are essen- 
tially mtnnsic to it, and the extent to which they may be modified 
by the enviionment, either external or intenial, 13 not fully known It 
IS known that the internal milieu may temporally change some of 

^ Professor of Psychologj, Northwestern Umv^ersity 

417 



the pioperties What are these propertie*^? IiiiUbility, excitability, 
ct)nclucti\ity, summation, facilitation, inhibition are some, and tlieie 
arc otheis These, togethei ^\ith the effects of the internal enviion- 
ment upon them, constitute what has heie been called jnte^veniiig 
variables 

One might ask how the nervous system can be modified oi dealt 
with in Older to observe its effects upon response One w^ay is to 
obseive the effects of btimulation on response before the neivous 
system has developed comiiletelj and assumed its full intcgiative 
functions This may be done during the pienatal ui embiyonic pciiod 
Another way is to delimit the neivous system by lemoving, oi othei- 
wiso 1 educing the action of, selected parts of it This may be done 
by opexative removal, the use of drugs, and by otbci means Still 
another method is to stimulate parts of the neivous system electrically 
or chemically, or to *Tune in on” oi record elcctiically fiom parts of 
it while its total function is imimpaned Finally, generalized or 
specific stic^^s may bo imposed on the nervous system oi parts of it 
hy varying its metabolic functions or by mteifeiing wuth homeostatic 
mcchanismb which tend to maintain its enviionment in stable 
cquilibnum 

In the subsequent aections of this chapter the methods of studying 
bcliavioi in relation to the nervous system will be discussed The 
tliiee aieas w^hich have been selected, from among others, as samples 
include the embryology of behovioi changes in bcha\ior with devel- 
opment of the nci\ous system, the internal envuonment stresses 
imposed upon the neivous system by modifications m the internal 
milieu, and coitical fu7ictwn-s stimulation of, delimitation of, and 
selective recording fiom, parts of the cential ner\ous system 

Other important areas of investigation whose methods might have 
been described in this chapter aie concerned wnth the elect iioal lecoid- 
ing of sensoiy- and motoi-neive dischaiges Recently, foi example, 
successful techniques for recoidmg electiical potentials from single 
nerve ilboisin auditory [2SJ and optic [31] tracts have been described 
These and similar techniques developed for cutaneous nerves peirait 
analysis of leceptor lesponse in terms of the smallest functional 
unit of the sensoiy system, single motor unit responses oi the electrical 
responses from single motoi-neiwe fibers peimit a similai analysis on 
the motor oi effector side of the reflex arc Many of the techniques 
and the results of such studies are to be found in books by Adiiau [1], 
Erlanger and Gasser [22], Stevens and Davis [63], and Baitley 
[4], as well as in othei sections of this book (see Chapteis 8, 10, 
and 11) 
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THE EMBRYOLOGY OF BEHAVIOR 


T)ic puipo'-G of studying the beginnings of bclm\ior might be con- 
sideicd to be thice-fokl (1) To dotenmne the manner in which ‘^ensoiy 
and motoi tunctions dc\elop and are combined in mtegiated bchaMor 
This aim is conceined with the time of onset, the conditions of unset, 
and the natuic ol the cailiest patterns of beha\ loi (2) To dctciinmc 
the reiationships between development and difterentiation of body 
stiuctuies and the piogressivc elaboration of the higher nervous 
centers These lelatumship^ bear on the oiganizmg influences within 
the oiganism and the levels of integration effected by the neivous 
system (3) To obtain n bettei undci standing of the nature of the 
cailiest and himplest modifications of behavior in terms ot cnviion- 
mcntal factoib, including external and internal &timulatn>n and the 
influence of phvsinlugical icgulating mechanisms This thud kind of 
infoiination should thiow light upon inherited tendencies, niatuiational 
influences, and learning processes 

Just as we seek an imder£>tandmg of the behaviornl mechanisms of 
the human adult thiough genetic probing of simpler processes in the 
infant and child, it is reasonable to expect that prenatal stages of 
development may reveal basic facts cancel ning the manner in wliidi 
form and function aie differentiated from an initially homogeneous 
mass of protoplasm, the way in which piimary needs of the organism 
develop, and the conditions of modifiability and adjustment to an 
over-changing environment Are not these the kinds of information 
w^e need for undei standing and conti oiling the growth and develop- 
ment of the orgauism and for gaming insight into the progressive 
complexities of behavioi, including the processes of perception, emo- 
tion, motivation, learning, thinking, and the like? 

Pour methods of securing infoimation on fetal activity and reaction 
to stimulation will be described The first i3 a direct^ extratiienne 
approach and includes premature and Caesarean births in humans 
and experimental hysteiotomies (incision of abdominal wall and 
uterus) in animals The other three may be labelled mtrautenne 
techniques, since they do not interfere in any way with the fetal- 
maternal relationship, do not involve harmful operative procedures, 
and leave the fetus intact throughout the period of gestation 


Extrauterme Mefiiocls of Direct Stimulation and Observation of the 
Human Fetus 


If birth of a human fetus is spontaneous but premature, or if a 
piegnancy must be tciminated by abortion or Caesarean section, the 
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chances aio that pathological abnoimality exists in the fetus, the 
mothei> 01 both, and that the physiological envnonment and hormonal 
influences have had a detnmental influence upon the fetus In any 
event the fetus is not a icliable subject foi experimental test of noimal 
developmental functions Furtheimorc, the human fetus bom moie 
than 4 months prematurely is ill-prepaied to cope vith the external 
environment and usually succumbs Thus, oven though a fetus may 
be removed with the placental membrane and is immediately placed 
in a suitable bath of physiological ^ahne kept at an appiopnate 
tempeiature, any observations of behavior oi leactions to stimulation 
must be qualified as being subject to the influence of asphyxia, accu- 
mulation of caibon dioxide, and othci metabolites These factois, 
depending upon their^natuie, mav opeiate to dimmish oi increase 
muscle and norvo excitability, as ^\ell as general reactivity 

Consequently the extiauterine observation of human fetuses cannot 
be considered a reliable index of sensory-motor functions and inte- 
gration of beha\ior accoiding to a time schedule Positive leactions, 
at least so fai as leflexes aic concerned, are better indicatois than aie 
negative ones, since it may be mfeiied that a loflex response would not 
occui consistently in the absence of the necessaiy receptors, neive 
pathways, and effcctois Also from such fetuses much can be learned 
about the structme and differentiation of body parts, the direct 
lesponses of muscle to stimulation before mneivation, the response 
to stimulation of leceptois through leflex channels, and spontaneous 
activity Foi much of our infoimation about human fetal activity 
and responsiveness we are indebted to Minkowski (see Carmichael 
[13] and Wmdle [65]), whose obseivations of specimens removed by 
Caesarean section extend from the erabiyonic period at about 6 weeks 
to the end of the gestation period 

Minkowski^s technique consisted of removing the fetuses by 
Caesarean section, often under local anesthesia, in older to prevent 
the transmission of effects of a general anesthesia from the mother 
to the fetus The fetus was removed with the placental membranes 
and amniotio sac intact and was immediately placed in a solution 
of physiological saline at body temperature Observations of ^^spon- 
taneous” actiMty, lesponse to sensory stimulation with blunt and 
sharp piobes over vaiious body areas, and electrical stimulation of 
muscles by duect (galvanic) and alternating (faiadio) cuirent consti- 
tuted the usual procedures In some of the younger fetuses, when 
it was obvious that they would not survive, transections of the central 
nervous system at different levels were made The results of studies 
on human fetuses by Minkowski and others have been carefully 
described m chronological and growth sequence by Carmichael [10] 



One might ask why, in CacsaiLiin baths, it ib not po-siblc to leave the 
fetus attached to niatcnial meinbianes and its ‘‘Ourcc of metabolic 
exchange and to make observations tlirougli the incised uteius and the 
amniotic sac, oi to reino\e the fetus &till attached to the umbilical 
cord In either case the necessity of closure of the uterine and 
abdominal incisions in older to forestall henionhage and otherwise 
piotect the mothei is impeiative Fuitheimoio, the conditions would 
undoubtedly demand gencial anesthesia for the mother, w^hich in itself 
w^ould invalidate fetal obseivations 


Extrauterine Studies of the Animal Fetus 

AVhcieas one cannot gamble with human life by taking undue 
chances wuth the mother at time of Cae^^aiean opciation, greatei iisks 
may be taken wuth animals at time of hysterotomy As a coji‘'equcnce 
much of oui knowledge of fetal leactnity has come fiom this source 
According to Wmdie [65], c\en wuth the gieatci libeitics allowed in 
animal experimentation, theie are se^cial factors w^hich must be 
considered in selecting an animal foi cinbiyologic study ot behavioral 
development, especially if the lesults aie to be i elated to behavior m 
the human species at a corre«^ponding age 

Fust, theie is the matter of the noimal physiology of the uterus 
and placenta, i e , the degree of intimacy betw^een fetal and maternal 
tissues The number of tissues sepal ating fetal blood from maternal 
blood and the efficiency of tinnsmission of metabolites through these 
membranes vary widely among mammals Wieieas there are "^eveial 
intervening tissue layers in marsupials (opossum), with relative 
mefficiency of transmission, there is a single endothelial layer m 
lodentfl, eg, rat, guinea pig, and rabbit, with the gieatest intimacy 
of fetal-mateinal relationship and with efficiency of transmission 
appaiently higher than that in man Histologically and physiologi- 
cally the incieasmg oidei of simplicity or intimacy of relationship and 
efficiency of transmission is horse and swine, cattle and sheep, cat and 
dog, man and monkey, and rabbit, guinea pig, and lat 

A second qualification in the selection of the species for experi- 
mentation IS that the rate of embivonic growth and development must 
not be so rapid as to obscure stages of functional development Dura- 
tion of gestation ranges from 13 days m the opossum to 21 days m the 
rat, 63 days in the dog, 68 days in the guinea pig, 24 weeks in the 
monkey, 38 weeks in man, and 48 weeks in the horse Thirdly, diffei- 
ences in fetal stricture do not always permit complete eompaiison of 
all functional possibilities, eg, hoofed animals do not piesent hand 
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and foot rcfleves Fauith, the sjze of the fcfcu^ may be an nnpoitant 
factor, the veiy small fetiH of the lat iii the caily stages does not 
permit lead^iy the simulation and obseivation of i espouse Finally, 
if one's intciest is in giowth and development ot the fetus m i elation 
to endocrine and hoimonal influences transmitted thjongh the inothoi, 
or in dietaiy faetoiSj the pcimeability of the placental membranes 
must be considered With these cautions in mind the e\]ieiimental 
animal may be chosen to suit the paiticulai pioblem oi condition to 
be investigated 

Wmdle [65] also emphasizes that m the selection of the cxjien- 
mental method care should be taken to mteifere as little as possible 
with the maternal-fetal lelationship Thus, in immobilizing and 
rendenng the mothei free of pain cluimg hysteiotomy, one has to 
choose among a genei*al anesthesia, local anesthesia, spinal tiansection, 
and anemic decerebration All things considcied, the anemic-deceie- 
bration pioceduie is to be preferred This involves tying oft tlie 
carotid and basilar arteries which supply the brain, thus immobilizing 
and desensitizing the mother, but necessitating artificial respiration 
tlnuugh a cannula nisei ted in the trachea One final caution pci tains 
to operative piocedures opening the uteius may so modify piessuie 
relationships that normal placental intci change may be disiupted, 
and the eftects of opeiative shock in the inothci may be transmitted 
to the fetus 

In view of this somewhat forbidding list of piecautions the tech- 
niques employed in embiyologio studies of living fetuses should be 
sciutinized most carefully befoie accepting icsults and mterpietations 
No amount of caie in the making of obsenations will correct foi 
ai^tifacts 01 spurious behavioral manifestations induced tiuough faulty 
techniques or oversight in setting the stage ioi tlie obseivations 

Carmichael [11] developed a technique wdiieh seems to satisfy many 
of the foiegomg requirements and aho provides refinement in observa- 
tion thiough the medium of continuous motion pictuies Tlie animal 
selected was the guinea pig The age of the fetuses was carefully 
determined nith refeience to the time of insemination, winch is known 
as copulation age Spmal tiansection was used to immobilize and 
desensitize, after hysteiotomy had been perfoiraed undci deep ether 
anesthesia After sufficient time for the anesthesia to wear off, the 
animal was placed in a batli of physiological saline at 37 5 degrees 
centigrade, and the fetuses wexe shelled out of the uteius into an 
illuminated bath With the aid of magnification, motion pictures 
were taken of the spontaneous and stimulus-induced behavior of the 
fetuses Carmichael and his collaborators have published a senes of 
studies which provide a complete repertory of the behavioi and 
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lesponsiveness to a vauety of stimuli foi tlie Ictal guinea pig from its 
earliest mobility (25 days copulation age) to the end of the noimal 
gestation peiiod These investigations, as ^^ell as those of other 
workeis, have been hummanzed by Caimirhacl [10, 12, 13] Other 
important souices of infoimation on studies of fetal behavioi m 
mammalbmay be found m publications by Baicioft [3], Hooker [35, 
36], and Windlc [65] and in the numeious lescarch repoits by these 
men and then associates The woik of Coghill [16] on amphibian 
einbiyos, especially m Amblystoma, was a tieinendous impetus to 
studies of embiyologic behavior, and both he and Caimichael [12] 
have sticssed the importance to psychology of such studies for a bettei 
undei standing of behavioi al development 


Intrauterine Recording of Electrical Activity in the Fetus 

Theie lias long been a need for objective indicators of human fetal 
activity which can be applied in normal piegnancies without liaimful 
effects to the mothei or fetus and without distuibing the fetal-maternal 
relationship Two such measuies of physiologic activity in the fetus 
in utero have been desciibed by Lindsley [46] These measures aie 
the fetal elects ocardiog) am (EKG), providing a measure of heait rate, 
and the fetal elect) oencephalog) am (EEG), which furnishes a measuie 
of coitical activity 

It has long been known that the fetal heart begins to beat as carlv 
as the thud week of pregnancy, befoie it has lecened its neive supply, 
so that the rhythmic beat is presumed to be myogenic rnthei than 
neurogenic in the eaily stages By the fourth oi fifth month the heart 
beat can be detected by means of a stethoscope applied to the abdomi- 
nal wall of the mothei One of the first to attempt to record the fetal 
EKG in iite/o was Sachs [55], a German investigator, who thought 
he was successful, but whose lecords strongly suggest that he was 
misled by muscle action potentials fiom the abdominal wall Later 
iMaekawa and Toyoshima [49] and Geigei et al [27] were successful 
in then attempts The technique employed by Lindsley [46] not 
only piovided veiy clear recoids of the fetal EKG but allowed for 
fhffeiential lecordmg of maternal and fetal EKG^a or simultaneous 
records of both 

Fetal electkogardiogram The magnitude of the fetal heart 
potential recorded through the abdominal wall of the mother is of the 
ordei of 60 to 100 microvolts (millionths of a volt), so that high ampli- 
fication 13 necessary Lindsley used a sensitive amplifier airange- 
raent and botli a mirror-type oscillogiaph for photographic records 



and a four-pen inkwntiiig oscillograph, which tiaced the lecords on 
paper tape Figiiie 1 shows a typical recoid obtained by means of 
the minor-type oscillograph, with electrodes attached to the abdominal 
wall of the mother Both the mateinai fm) and fetal (/) heart poten- 
tials appear in the recoid, the matcinal heart late a\eiages about 
72 beats per minute, whereas the feta! heart rate is about 150 beats 
per minute For this particular record the electiodes were about 
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Fig 1, Maternal (m) and fetal (f) electrocardiogram records obtained 
from the wall of the abdomen of the mother during the fifth month of pregnancy 


7 centimeters apart and just below the umbilicus or navel The record 
was obtained diiiing the fifth month of piegnancy, or 126 days before 
full-term deliveiy 

Electrodes, consisting of small silvei disks, weie attached by means 
of collodion 01 adhesive tape to various points on the mateinai abdo- 
men An electiode paste served as the electiolyte between the elec- 
trode and the skin Some of the electiode positions aie shown in Fig 
2 on the diagiam of the mateinai abdomen Usually some preliramaiy 
experimentation m the placing of the electrodes is lequired in order 
to find the most favorable spot for recoiding potentials cieated by 
the fetal heart beat The optimal location varies, depending upon 
the position of the fetus at any given moment Although it may be 
desiiable to have the mateinai heart potential appear in the same 
lecord as the fetal EKG, the gieatei frequency of the fetal heart beat, 
together with the gi eater size of the maternal EKQ, may result m 
interfeience of patterns at times In order to avoid this, electrodes 
may be placed fairly close together, prefeiably only 2 or 3 inches 
apart If the furthei piecaution is taken to orient the electiodes along 
the mid line below the umbilicus, the mateinai EKG may be eliminated 
entnely or be greatly reduced in size Vanous tests have demon- 
strated that a supenoi method of recording consists of placing one 
electiode just below the umbilicus (point y in diagiara) and the othei 
at point X on the nglit thigh This procedure fiequently piovides a 
good fetal EKG without tlio often troublesome maternal EKG 
accompaniment 

For experimental purposes, if one wnshes to study the effect of drugs, 
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fatiguo, Kiid ^0 iorth upon the inatcinal heart late and also the fetal 
hcait latt, thiough ]ju^«?iblc plaerntal tian&mifcSion uf the effects^ 
simultaneous tiarmgs of both the mateinnl and fetal EKG's should 
be obtained on the &aine lecoul^ oi il multiple lecoidmg channels me 
available, single simultaneous iccoidb of each should be made The 
effect ot exeicise, fatigue, emotion, and a laiiety of othei conditions 
Inch miglit aftect the mother and/oi the fetus can thus be studied in 
teims of the maternal and fetal heart late In addition, the heart-rate 
response recoided in this objective fashion can also be used as an 
index of conditioned response The piincipal types of stimuli which 
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Fig 2 Fetal and Infant electroencephalograms* 

Th# diagram ai I«a ihowj numbered electrode placement; in the four tracing* on Uie Hglii the 
BEG or broln wove* appear, principally from electrode* 5*6 The maternal BKG appear* In oil 
tracing* except 5 6 The bottom tracing* from occipital ond motor region* of the same Infant 3 
weeks after hlfth *how the prejence of broln wove* In the motor region which resemble closely those 
from electrodes 5-6 prenotally The occipital region of the newborn ha* no cho rod eristic rhythm 
until about 3 months poitfiatally 


may be used in cunnection %Mth this effort are auditoiy, vestibular, 
vibiatuiy, piessure, and tactual Caie should be taken, however, to 
msiue that hcait-iate change in the fetus is not secondary to actual 
movement of the fetus after stimulation, oi to possible contraction of 
the abdominal wall and uterus after emotional stimulation or excite- 
ment in the mother, thus furnishing a tactual stimulus to the fetus, 
lather than a lesponse to the auditoiy '^startle** stimulus assumed to 
elicit the heait-rate change Moieover, after emotional stimuli in 
lesponse to which the mothei may be aroused, the possibility of trans- 
mission of adrenm thiough the placental membranes should be con- 
sidered, this occuiience would undoubtedly show a longei latency for 



a change in fetal heart late than ^^oulcl a diiect lesponse to sensory 
stimulation 

FetaXt electroencephalogram While lecordmg the fetal EKG 
duiing the seventh and eighth months of piegnancy, Lindsley [46] 
found that ihythmic activity resembling biam waves in newborn 
infants appealed over certain legions of the abdominal wall of the 
mother When a careful check of the location was made, it was 
found that these rhythmic potential vaiiations weie coming princi- 
pally from pans of electiodes o\er a region where the fetal head 
could be palpated by finger piessure on the mateinal abdomen When 
the position of the fetal head shilted, the rhythmic brain waves shifted 
with it to the new position As further pi oof that the rhythmic 
potentials weie fetal biain waves, records w^ere taken on the same 
infant shortly after birth, when it was found (bottom tiacings in Fig 
2) that the same pattern of weaves could be obtained ovei the motoi 
(precentral) legion of the newboin infanFs brain The first foui 
tiacinga in Fig 2 show that the ihythmic waves from the bram were 
obtained only in those tracings involving electrodes 5-0 and 7-8, which 
weie pioperly oriented with respect to the fetal head The maternal 
EKG appears m all records, except that coming from electrodes 5-6, 
w^hich were placed along the midlme below the umbilicus 

What can be accomplished wuth the fetal EEG? It furnishes a 
means of deteimming w^hen the cerebial rhythms first appeal and 
makes possible the tiacmg of development of such ihythms horn the 
time they first appeal pienatally and on through postnatal life The 
curve of growth of ceiebial rhythms postnatally has been described 
by Smith [60] and Lindsley [45] Correlation of the onset of ceie- 
bral rhythms jirenatally with histological studies of cortical develop- 
ment of fetuses of a coriespondmg age might be made It is knowm 
that the motor region of the cortex m newborn infants is more com- 
pletely developed histologically than are the sensory areas of the 
cortex The earhei onset of bram rhythms ovei the motor region 
thus 18 m agreement with this anatomical finding Fuithermore, per- 
sistent brain rhythms first appear 2 or 3 months after birth in the 
occipital legion [60, 45] and appear to be coi related with developing 
visuo-motor behavior 

It IS doubtful that the fetal EEG can be used as a routine measure 
because of the difiBculty of picking up the biain waves unless the head 
of the fetus is favorably placed and the electrodes are immediately 
over it For certain experimental studies, however, careful explora- 
tion with different electrode positions and possibly the manipulation 
of the fetus into an appropriate position would make recording of the 
fetal EEG possible 
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Infrauferine Observations of Fetal Activity 


Anothei method uf studying at least the gloss bchavioi of the fetus 
IS to observe the actual movements Thi^ can be done in several 
ways The mo\ements can be obser\ed fluoio^copically, but this can 
be done only for shoit peiiods of time because of the dangei of harming 
the fetus or the mother by X-rays Movements can be detected by 
liateninp with a stethoscope, but it is unceitain that all movements 
can be observed, and fuidhcimore this proceduie ^\ould not be very 
practical for prolonged periods of observation Palpatwn or msual 
observation of the maternal abdomen can be resorted to but is subject 
to the same criticisms as tlie immediately preceding technique 
rtecording by means of tambours and ynechanical levels has been tried 
by Sontag and Wallace [61] and Spelt [62] The tambours ^\erc 
arranged over different aicas of the abdomen It is doubtful whether 
movements of the fetus directed toward the sides and liack of the 
mother are detected by such an arrangement Finally, a method 
which has been used successfully is the maternal report This method, 
described by Richards et al [54], lequires that the mother report 
when she feels a movement of the fetus 

The method of maternal report, as employed by tliese imestigators, 
required that the mothers, in various stages of pregnancy, conae to 
the laboratory at regular intervals, daily or weekly as the experiment 
necessitated For a period of 5 or 6 hours they remained in bed 
resting, except for visits to the bathroom, and were served lunch and 
were permitted to read, sew, or talk as they desiied The mother 
was made comfortable and was able to relax during the observation 
period Two push-buttons were arranged, so that by means of one 
the mother could signal any movements or changes of position she 
made, according to a prearranged coded system for different types of 
activity, with the other she signalled all fetal movements that could 
be perceived Each button activated a signal markei', which recorded 
on a polygraph A third signal marker recorded time signals m 
minutes 

Some fetal movements are disci etc or abrupt, whereas some aie slow 
and moie persistent, but no attempt was made to discriminate between 
them The mothei simply pressed the button when each new move- 
ment was felt The lecords were then analyzed in terms of the number 
of minutes durmg which, as the mother’s signals indicated, the fetus 
was active The “minutes active” criterion was found to be a good 
index of the absolute numbei of movements (correlation 93) The 
correlation between readings of the polygraph records by two separate 
analyzers was found to be 99, indicating high reliability in the scoring 
of the records 



Richaids and collaboiators utilized this method to btudy indnirtual 
differences in fetal activity, the peak point of fetal aetivit> duiing 
the prenatal period, and the relationship between the amount of fetal 
activity at its peak and the pertoimance on infant developmental 
schedules at six months postnatally [53] 


Method of Conditioned Response in Intrauterine Study 

Forbes and Forbes [24] leported some obseivations suggestive of 
fetal conditioning dm mg the ninth month of pregnancy, when lepeated 
sounds at first producing ieacti\ity in the fetus giadually gave evi- 
dence of cessation of lesponse oi “negative adaptation” Latei, a 
few days after birth, the infant again responded with a slight body 
jerk These observations were poorly conti oiled, and it w'as uncertain 
whcthci the sound oi a vibratoiy stimulus produced the response 
Attempts at prenatal conditioning by Ray [52] and Sontag and 
Wallace [61] weie not very successful Howovci, Spelt [62], woik- 
ing with fetuses of 7 or 8 months, found that noise stimuli produced 
responses consistently, w'heieas vibratory stimuli did not Aftei 
pairing the two types of stimuli, the vibiatory stimulus being staited 
against the mother’s abdomen 5 seconds before the noise stimulus, 
lesponse to the vibratory stimulus alone was observed wuthin 100 
paired presentations Spelt lecorded the lesponse of the fetus by 
means of tambouis attached to the mother’s abdomen Apparently 
no detailed report of this study has ever been made Since even 
neonatal conditioning m infants less than 2 weeks old is difficult and 
unstable, according to Wenger [64], it is still doubtful whether fetal 
conditioning can be established 

One of the most profitable methods to pursue m this kind of study 
would seem to be to utilize the fetal heait late (EKG) as a measure 
of response, and paired auditoiy and vibratory stimuli Frelirainary 
observations (unpublished) indicate that auditory stimuli produce a 
heart-rate change in the fetus independent of that in the mother, 
whereas vibratory stimuli do not produce a response Thus we have 
the possibility of pairing a positive with a negative stimulus and 
objectively recording the fetal heart-rate change, if any, to the vibra- 
tory stimulus alone aftei a numbei of pairings of the two stimuli 


THE INTERNAL ENVIRONMENT AND BEHAVIOR 

The importance of the interaal environment or the fluid matrix in 
which our hfe processes take place is not newly recognized Cannon 



[7] states that Claude Beniaid, more than 85 years ago, obseived, 
‘*\Vc do not live in the atmubphcie that suuounds us — we aie sepaiated 
fiom that atmosplieie by a layer of dead cells or by a film of mucus 
01 a salt solution All that is alive withm these lifeless sui faces is 
immeised in the fluids of the body, the blood, aud the lymph, which 
foim an internal enviionment When the fluid matiix is maikedly 
alteied, seveie dangeis may aiise, says Cannon, and he sti esses the 
need foi constancy and stability ot the internal milieu 
The human oiganism especially is provided with an elaboiate set 
of checks and balances which regulate the internal enviionment AYere 
it not loi these finely balanced and compensating mechanisms, life 
itself would cease For example, an elevation of body tempeiatuie 
by 6 to 8 degiees, a reduction in blood sugai to a little less than half 
its normal value, a shift in the acid-base balance of the blood up or 
down fiom its slightly alkaline state, a change in the blood-calcium 
le\el aic only a few of the depaituies fiom a condition of relative 
constancy \\hich may lesiilt in disaster It should be emphasized 
fiuthcr that smallei changes m these and other physicochemical con- 
ditions of the fluid matiix, changes which may be well within the 
toleiance lange compatible wuth life, may neveitheless modify the 
lecoptivity and leactivity of tlie mganism and thus aftect its behavior 
It IS also lecognized that psychological factors, especially emotion and 
anxiety oi voiry, may affect the constancy of the internal environ- 
ment and m turn be affected by it 


Homeostatic Mechanisms 

The condition of constancy or stability of the internal environment 
has been called homeostasis by Cannon He points out that the equi- 
hbiium of the fluid matrix may be altered by both external and inteinal 
conditions, but, except m extremes, a balance oi homeostasis tends to 
be lestoied Sometimes this is accomplished quickly, as in the restora- 
tion of the blood-sugar level after cxeicise by calling upon glycogen 
leserves stored in the liver, in other cases, as in acclimatization to the 
1 educed oxygen supply on a high mountain range, a much longer 
period of adjustment is necessaiy before a new equilibrium is 
established 

Theie aie a variety of ways m which homeostasis may be preseived, 
but the complexity of these mechanisms does not permit discussion of 
them heie It is sufficient to say that general metabolic processes are 
conceined, including the intake of food and oxygen and the elimination 
of waste products aftei chemical leactions have taken place Among 
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the mynacl factois upon ^\hleh homeostasis depends aie the amount 
and concentration of various chemical elements in the blood stream; 
the piesence of hoimones secreted into the blood by the ductless 
glands, the release of stored lesenes, the permeability of tissue mem- 
bianes and the diffusibihty of certain substances m the body fluids, 
and finally the adequacy and flexibility of the two main transporting 
and communicating systems, the ciiculatory and the neivous 
Cannon [8] believes that the autonomic nervous systeni is one of the 
prime agencies for maintaining unifonnity or homeostasis in the body 
fluids The cranial and sacial divisions, known as the 'parasympathetic 
system^ he believes opeiate only indirectly and somewhat lemotely to 
assure constancy, Avhereas the thoiacolumbai division, known as the 
sympathetic system, acts piomptly and directly to pi event serious 
changes in the internal enviionment Theie is consideiable evidence 
that these two counteracting systems, the sympathetic and paiasympa- 
thetio, play a major lole in jireseiving physiological balance oi 
liomeostasis Recent evidence of the importance of the autonomic 
neivous system and its associated cndocime glands m the regulation 
of the mtcinal environment and bodily functions has been presented 
by Cannon and Rosenblucth [9] and by Gellhorn [28] 

The pm pose of this section is to discuss some of the methods wdiicli 
have been used to produce changes in the inteinal envnonment in 
Older to investigate the effects of such changes upon behavior and 
vaiious psychological functions, including memory, association, leain- 
mg, reaction tune, and visual acuity The results of these studies 
cannot be reported heie, except in so fai as they have a bcaung on the 
method of infrestigation employed Reviews of many recent psycho- 
physiological studies have been presented by Shock [67, 68] 


Changes in Blood Gases: Oxygen and Carbon Dioxide 

Both oxygen and carbon dioxide are essential in the blood in certain 
minimal amounts if a peison is to live Body cells require ox^^^gen in 
Older to carry on noimal metabolic piocesses involved in growth and 
in the utilization of food substances as eneigy One of the waste 
products of metabolism is carbon dioxide, which must bo constantly 
remove^d from the blood stream The process by which carbon dioxide 
is thus removed and by which oxygen is obtained is respiration As 
one breathes oxygen m the atmospheie, it enters minute air sacs or 
alveoli in the lungs, where it comes m contact with blood vessels, is 
taken up by the blood, and is transported throughout the organism by 
the arterial system As the w^aste products of metabolism are formed, 
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the caibon dioxide is transported in the blood to the lungs, wheie it 
18 leleased and blown off in expiration The center conti oiling respira- 
tion IS in tlie medulla at the base of the brain Lack of oxygen affects 
this center and stimulates it to activity, but the presence of excels 
caibon dioxide in the blood is even more important in increasing respi- 
lation With mcicased respiration, le, inci eased rate and depth of 
breathing, moic oxygen is made available to the blood, and more 
carbon dioxide is removed 

Anoxia refers to lack of oxygen m the body from any cause 
Anoxemia is a moie limited term referring to lack of ox^^gen in the 
blood, this condition may be due to factors internal as well as externa! 
Heie we shall be concerned primaiily with anoxemia or anoric anoxia, 

1 e , lack of oxygen in the blood duo to extoinal factors Anoxemia 
may be pi educed by (1) interference with the passage of air containing 
oxygen into the lungs and thence into the blood, (2) reducing the 
partial pressure of oxygen in the inspired air, and (3) breathing air 
undei 1 educed barometric pressure The first of these possibilities 
18 not particularly adapted to experimental work, interfeience with 
air passage into the lungs comes about principally through accident, 
as in drowning, or in diseases which cause congestion of the lungs or 
blocking of the trachea or bronchial tubes 

The second procedure, involving reduction in the partial pressure 
of oxygen in the inspiied an, is the one most frequently employed in 
expel imental work Normally atmospheric air at sea level contains 
20 9 per cent oxygen, 79 per cent nitrogen, and a few hundredths of a 
pel cent of caibon dioxide and slight traces of a few other rare gases 
Commercial gas mixtuies may be obtained with 10 per cent oxygen 
and 90 pei cent nitrogen, or in any combination of reduced oxygen 
pressure desired A 10 pei cent oxygen mixture is about equivalent, 
in terms of oxygen available, to an altitude of 18,000 feet, 8 per cent 
18 approximately equivalent to an altitude of 22,000 feet Thus, by 
vaiying the amount of oxygen m the respired air, one can simulate at 
ground level the effects of reduced barometric pressure at altitude 

There are seveial ways of controlling the amount of oxygen a sub- 
ject receives One method is the usual basal metabolic late (BMR) 
technique, using the BMR machine This apparatus usually consists 
(see Fig 3) of two cylindrical tanks, each open at one end, the bottom 
and stationary tank has a double wall which is filled with water, the 
top and movable tank is mverted and fits into the double wall of the 
bottom tank The water thus forms a seal but allows the top tank 
to move freely up and down When the combined tank system la 
filled with room air, the subject may breathe the an through a tube 
connected with the tank The subject wears a mouthpiece and a nose 
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clip 01 a snugly fitting mask ^^^hlch encloses both the nose and the 
mouth, this msuies that all respired an conics fiom the tank lathei 
than fiom the auriounding atmospheie Tivo tubes fiom the tank aie 
connected to the mouthpiece, each tube has a one-way ^alve, permit- 
ting the passage of an in opposite diiections lyhen the subject 



Fig, 3 Standard BMR machine for determining basal metabolic rate 

Tracing on drum ihowi normal r«iplraHon ((ow) and dwp respiration or hyporventllaffon (high) 
Tub« ond mojk or* visible When the Inner can of the BMR machine It dovm at shown, the air supply 
Is exhauittd The chain running over the pulley attoches to the pen, which writes on drum chart ai 
the Inner can moves up and down with respiration The boy In this picture has electrodes attoched 
to hb head for recording brain waves 


inspires, an passes from the tank through the fixsl tube, when he 
exliales, the expired air passes through the othei tube and into the 
tank, but usually it first passes thiough a container of soda lime, 
which extracts the carbon dioxide As the subject bieathes, the 
inverted tank moves up and down, and a pen attached to it makes a 
tracing on a i evolving drum, around winch is placed a special chart 
or graph ^ 

2 When basal metabolic rate (BMR) is to be determined, the Bubject mii^t be 
in a so-called “basal” state, lo, he must go without bieakfast nnd must lest 
for one-half houi befoi'e the test is made He then breathes pure oxygon fiom 
the tank, usually for two 8-mmute periods The rate of oxygon consumption is 
determined from the graph and converted to a peicentnge-of-noimal \alue 
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In the couise of the in=^piiation-e\piration piocess the contents of 
the tank aie giacluall> e\hau*atrd, i e , the oxygen is utilized, wheieas 
the nitiogen, ^^hlch is an inert gii'j, la letuinod Thus, if one starts 
with an oxygon le\el of 20 9 pci cent, continued rcbieathmg of the 
mixture giadually i educes the oxygen to 10 pei cent oi lower At 
vaiioiis stages dunng the pioccss samples ol the an mixture may be 
withdiawn by means of a hypodeimio needle inserted through the 
lubbei tube The^e samples may be submitted to one of the methods 
of gas analysis m oidei to dctcimme the exact oxygen composition 
AVhile in the course of this process of reducing the o\j gen in the tank, 
the subject may be presented iMth vaiiL)U‘^ tasks oi pioblcms One 
of the commonly employed piocedurca is to ha\e the subject write 
his name When the oxygen has been i educed sufficiently to pioduce 
confusion bordeiing on unconsciuu^incss, the hanchvnting usually 
becomes illegible Bclore that stage coordination is lost in vaiying 
degrees 

Anothei proceduie foi i educing the oxygen tension is to start with 
a fixed gas mixtuie, say 10 pci cent oxygen and 90 per cent nitrogen 
Such a mixture may be bieathed fiom a BMR machine as described 
above, although the usual procedure is to employ a laiger containei 
A commonly employed container is the large lubbei Douglas bag, 
wdiich may be filled with enough gas mixture to last foi a longer period 
of time The subject is attached to the bag by means of a single 
tube, which peimits intake of the gas mixture through the mask The 
expired air is blown oft into the atmosphere through a valve attached 
to the mask IVith this type of procedure, using a fixed peiceutage 
of oxygen, an expeiiment may be continued for a longer period of 
time and with a constant level of i educed oxygen ‘supply 

Tlie third method mentioned above, namely, leduction of barometric 
piessme, may be accomplished in three w^ays (Ij by ascending m an 
an plane to a high altitude, whcie the barometiic pressure is low, (2) 
by climbing to the top of a high mountain or living at a high elevation, 
and (3J by placing the subject in a decompression chamber, where 
the pleasure may be reduced to correspond to any reasonable altitude 
Although low-pressure chambers wxre used before World War II, 
they were expensive and lather complicated and consequently were 
not used extensively The many problems associated with high- 
alti tilde flying and wuth sudden shifts in altitude and baiometric 
pressure, as in dive-bombing, cieated a great demand for low-pressuie 
chambeis where one or moie men could be enclosed dunng simulated 
ascent or descent Because of the roominess of some of the largei 
chambeis, vanous kinds of motor-performance tests, as wtII as other 
psychological and physiological te^ts, could be administered* These 
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dcconipiession chambeis usually employ a double pump aiiangement 
whcicby, in simulating ascent, an is pumped out fastei than it is 
pumped in, foi simulating descent, the re\cise pioceduic is followed 
In the chamber both the pressuie of the an and the oxygen concentra- 
tion can be alteied so as to simulate exactly the eftects of lugh-altitude 
flying 

Biiefly, the results of oxygen-deprivation experiments indicate that 
the higher mental piocesses, such as mcmoiy, attention, association, 
and pioblem solving, aie the fiist to be aftected and show a deteiioia- 
tion mih lelatively little reduction in oxygen concentiation Sensory 
and motoi functions of a simple type are not gieatly aftected until the 
subject IS near the point of collapse fiom lack of oxygen One of the 
first functions to show^ a loss, e-ven under minimal i eductions m oxygen, 
18 night vision This fact led to the use of oxygen on most night 
missions at all altitudes, especially when the pilot oi obseivei was 
depending heavily upon his night vision to identify enemy planes or 
special ^^blacked-out^' taigets Anotlicr observation made by the 
mihtaiy soi vices is that pilots oi others in a plane at an altitude 
corresponding to perhaps only 14 pei cent oxygen fiequently show 
signs of poor judgment oi failure to take heed of signs or waniings 
which otherwise might be lespected This has fiequently been the 
cause of air accidents 

Although compensatory mechanisms begin to opeiate as soon as 
oxygen deficit occurs, with increasing loss of oxygen these homeostatic 
mechanisms soon fail to meet requuements After unconsciousness, 
if the condition of low oxygen persists, death may ensue Even if 
recovery occurs in time, seiious damage may still have been inflicted 
upon the nervous system, which is one of the most vulnerable paits of 
the organism With the beginning of anoxia, deeper and faster 
breathing occurs This is called hypeipnca, oi laboied breathing, and 
leads to overventilation of the lungs It is a compensatory attempt to 
supply more oxygen to the blood Unfoidiunately, overventilation also 
blows off moie carbon dioxide, which tends to produce acapnia, or a 
reduction of carbon dioxide tension in the blood, with attending 
symptoms of dizziness, bluinng of vision, and tingling sensations in 
fingers and toes 

Cabbon oioxidb tension The pimcipaJ method of studying 
the effect of increasing the carbon dioxide tension in the blood is to 
increase the carbon dioxide content of the inspired air This can be 
done by one of the methods described above for oxygen, i e , a com- 
mercial mixture of 5 per cent carbon dioxide, oi some lowei fraction, 
mixed with the normal atmospheric content of oxygen and a lower 
than normal percentage of nitrogen, may be used, either in a BMR 
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machine oi in a Douglas bag In ouIli to jciluce the caibon diuMclc 
content of the blood one may have a subject ovcibieathe oi hyper- 
^entilate, le, breathe deeply and at a late fa^-tei than nuimal foi 
a peiiod of 3 to 5 minutes With good, deep breathing the a\eiage 
poison IS apt to feel a little light-headed and possibly ha^e some 
tingling m the fingcia and toes at the end ot 3 minutes Depending 
upon the amount of o\ erventilation of the lungs, with consequent 
gieatei loss of carbon dioxide, some persons may lose consciousness 
aftci 5 minutes oi moie of deep breathing Patients susceptible to 
con\ulsive seizuics, paiticularly of the petit raal type, frequently have 
a seizure aftei less than a niiniito of deep breathing C(jnsecjuently 
it IS evident that n change in the acid-ba^e balance has occuned, and 
this can be confiimcd by taking samples of blood fiom aidenes and 
veins With loss of caibon dioxide through over ventilation the pH oi 
h>di()gen-ion concentiation of the blood shifts further toward the 
alkaline side 

A study that illustiates a special compensatory or homeostatic 
mechanism serving to piotect the brain from undue shifts m carbon 
dioxide and oxygen content of the blood has been reported by Gibbs 
et al [30] Before, duimg, and after overvcntilation they took 
samples of blood fioin the aitenal system and the internal jugular 
vein as it leaves the biain The arterial blood m these human 
subjects showed a marked deciease m caibon dioxide content dunng 
hypei ventilation, as was expected, but the internal jugular blood com- 
ing from the biain maintained lelative constancy The investigators 
mtcrpiet this to mean that with loss of carbon dioxide m the artenal 
system the cerebral blood vessels constrict lu an effort to preserve 
carbon dioxide and oxygen content in the biam When this mech- 
anism fails, in the face of persistent loss of caibon dioxide, abnor- 
malities in the biain waves or electneal potentials fioin the bram tend 
to occur, and convulsions, especially in susceptible individuals, may 
supervene This suggests that, when homeostatic control m the brain 
18 lost, abnoimal function may occur 


Blood Chemistry Sugar, Calcium, etc. 

The biain derives its energy from carbohydrate metabolism, i e , the 
oxidation of blood sugais Consequently the amount of sugar m tho 
blood 18 critical for normal brain function Noiinally the falood-sugar 
level langea from 70 to 120 imlligrains per 100 cubic centimeters of 
blood If it falls below the low’er limit, the condition is called hypogly- 
ceimaf if it rises above the upper limit, the condition is called hypogly- 
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iemia Witli excessive mci eases o: cleci eases beyond the limits given, 
serious symptoms de\elop It is well known that a diabetic patient, 
without insulin, tmII suffei intensely attei a meal heavy in caibohy- 
diates, will become confused and mcooidinated and, in some instances, 
comatose Similarly aftei piolongcd lasting oi in diseases which lowei 
the blood-sugai level, thus pioducing a condition of hypoglycemia, a 
senes of symptoms occui Cortical functions aie aftcctod fli^t, with 
loss of association, memory, and ability to pcifoim pioblems, latei sen- 
sation and pciccption may be aftected, and speech distuibanccs may 
occur Finally, in niaiked i eduction of sugai -level, convulsions, stupoi , 
and even death may ensue Normally, duimg the couise of the day, 
theie arc fluctuations m the sugai level, the highest levels occuinng 
aftei a meal, the lowest before a meal Unlike oxygen, of which there 
aie no reseives in the blood, there aie souices of eneigy leseives m the 
body, the he ci being the principal one 

There is conipai atn elv little evidence on the effects of vaiiations 
in blood-sugai level on mental peiioimance oi othei psychological 
piocesses This should be a profitable aiea of investigation, since 
there aie undoubtedly diiunal vanations wnthiu the normal sugai - 
toleiance level, which may w^ll be 1 elated to fluctuations in efficiency 
during the day In addition, thcic may be individuals whose sugai 
level is consistently on the low side oi high side of the normal lange, 
with consequent ^anntlons in psychological efficiency 

The principal methods oi times of studying hypoglycemia, ox low 
blood sugai, are thiee (1) aftei a peiiod of fasting oi diumg the 
couise of a diet low in carbohydrates, (2) aftei insulin injections, as 
in an msuhn-toleiance test, and (3) m chionically hypoglycemic indi- 
viduals, Because of the possible clangei invohed m such studies they 
should be conducted only under competent medical supenision In any 
of the proceduies, samples of blood may be taken at suitable intervals 
for the analysis of blood sugai by one or more of seveial methods avail- 
able In the fiist piocedure mentioned above, the sugai le\el may be 
mcreased by feeding caibohydiates, oi, if an immediate increase in 
sugar level is desned, glucose may be injected mtiavenouslv Psycho- 
logical testa and measures may be admmisteied dunng control periods, 
wdien sugar level is within normal limits, and dunng experimental 
periods, when the level is reduced Hyperglycemia, oi excess sugar in 
the blood, may bo produced by injections of glucose or by a diet high 
in caibohydiates 

A study winch may leveal significant infoimation of this type was 
conducted at the Univeisity of Minnesota During Woild Wai II a 
sizable gioup of conscientious objectors volunteered foi the experi- 
ments, which involved prolonged penods of semistarvation dunng 
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which psjThologicftl, ])liysiological, biochemical, and clinical ubsena- 
tiuns were made [6] 

Veiy little known about the possible cftects of \aiymg the moi- 
game constituents of the blood sticam, such as calcium, potas‘?iUTn, 
and phofcphoiu«5, except from clinical obseivations which in geneial 
have not included objective p'ijchological evaluations Studies of this 
type should be made in a conti oiled medical environment where com- 
plete blood analyses aie available foi coriclation w^ith psychological 
test icsults Expciimental vaiiation of thc«-e constituents of the 
blood stieam may be accomplished thiough diet and injections, as 
described above foi blood-sugai level 

Othei factors associated with the inteinal environment which might 
be studied piofitably with rcfcience to behavioral changes and special 
psychological functions aie basal metabolism, ^vater balance, body 
tempciatuie, vitamin deficiency, and tho extensive and complicated 
lamifications of hoimonal secretion by the endoenne gland‘*> Expel i- 
ments of this type w^ould seem best to be undertaken m collaboration 
with physicians m a general hospital, w^heie theie is constant medical 
supervision and adequate dietaiy and bioclienucal control 


CORTICAL FUNCTIONS AND BEHAVIOR 

The central nervous system consists of the spinal cord and the 
brain, the brain is enclosed within the skull cavity, and the spinal 
cord within the spmal column All incoming and outgoing impulses, 
except those m the ciamal nerves, are transmitted to and from the 
brain via the spinal cord The spinal cord becomes continuous with 
the brain at the base of the skull, wheie it expands into the medulla, 
pons, midbiain, and other portions of the '^brain stem/’ including the 
thalamus, hypothalamus, and subcortical motor centers If a skull 
IS split foie and aft and the two halves opened like the shell of an 
English walnut, one can see two large, convoluted hemispheres, con- 
necting the cerebial hemispheies is a broad band of fibers known as 
the coipus callosum On the bottom surface of the cerebral hemi- 
spheres and almost surrounded by them is the "brain stem ’’ Under 
the posterior portion of the hemispheres lies the cerebellum See 
Fig 4 

We are here concerned, not wath the biain as a whole, but lather 
with the so-called gray mantle which completely envelops each hemi- 
sphere This IS called the ceiebial cortex Although the cortex is 
only a few millimeters thick, it has a greater suiface area than is 
generally supposed because of its infolding giooves oi sulci and out- 
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foiling g}n, and it contain^ thousands of biain ceJls and then 
ramifications Immediately beneath the ooitcx aie numerous neive 
pathways intei connecting different paits of it, and many descending 
and ascending pathways connecting lowei centers and the penpheiy 



Fig* 4* Brain map fitted to tracing of X-ray photo of scalp and skull 

The prindpgl bbej are Indlcoled, end Ihe numberi refer to archltedonlc areas of Brodmann and 
the Vogli 

of the oiganism with the coitex These interconiitiumcatmg pathways 
appear white and are called white matter, whereas the aggiegations 
of cell bodies in the cortex and in subcortical centeis have a slightly 
giayish cast and arc knomi as gray matter Histologically, six or 
more layers in the cortex of man may be differentiated by cell type 
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and stiucturc, even in the lat, wliohc coito\ is «^month ratha than 
comolutcd and is of com sc much siinplei, theie aie si\ distinguishable 
layeib Phylogenetically, the cerebral coitcx is the most recently 
de^ eloped puition of the ncivous system, and m man it has attained 
its liighcsfc development Like^vjse, m man it seems to be most 
vulneiable, and injiiiv to it lesults in the greatest and most pervasive 
deficit 

The impoitance of the cerebral cortex lies in the fact that it is an 
integrating centei which manifests some degiee of control over all 
lowei centers of the ncivous system and hence enteis into the contiol 
of all behauoi Pmctieally all incoming impulses reach the cortex, 
and apparently most outgoing impulses ongmato there The cortex 
has both excitatory and inhibitoiy eftects upon lower centei s, as w^ell 
as similai mtiacortical effects Experimental study of the coitox has 
demonstrated that some portions arc specialized foi the reception of 
certain kinds ot sensoiy impulses and theicfore arc designated ns 
sensory regions Among these are the occipital lobes for vision, the 
tempoial lobes for audition, the parietal lobes for geneial bodily 
sensation, including tactile, prcssuie, temperature, pain, and vibratory 
sensitivity, olfaction is seiwed by the somewhat vestigial olfactory 
lobes at the base of the brain and the inferior surface of the temporal 
lobes, the cortical areas for taste aie not well established but are 
probably represented m the hippocampal legion of the temporal lobes 

The frontal lobes comprise almost half the total aiea of the cerebral 
cortex The posteiioi half of the frontal lobes is conccined with the 
initiation and integration of motor activities, whereas the anterior 
half consists of association or highci mtegiating centers The frontal 
portion IS often referred to as the prejrontal mea and is believed to be 
associated with higher intellectual functions, especially abstract think- 
ing, memory, initiative, social inhibition, and so forth Figure 4 
shows schematically how the lateial suiface of the biam would appear 
with the right half of the skull removed In this drawing the lobes 
and the two majoi fissures have been labelled, the numbers refer to 
some of the piincipal architectonic aieas which have been, differen- 
tiated histologically by Brodmann, the Vogts, and others, but should 
be considered mainly as general landmaika rathei than iigidly defined 
areas 

Although much remains to be learned about the brain, especially 
about the cort-ex, considerable serviceable information is available to 
the clinical neurologist, who is able, from his knowledge of neuro- 
anatomy and physiology of the brain, to determine from a series of 
symptoms presented by a patient the probable location of gross lesions 
m the brain This la especially 'true of behavioral aljnormahties 
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lesulting iioin e\panc.lmg lesion^, such as biain tuinois, ab^ccsscs^ 
hematomas, anri atiophj, hut less tiue of small and iolatnclj fixed 
aieas of destiuction Much of the neiuologist’s alulity to localize 
depends upon bis knowledge of huw' a iinitioiilai losiua will nftoct the 
leflexes and the scnsoiy and motor capacities of his patient Recent 
studies suggest that a fuller knowledge oi the effects of lesions on 
psychological capacities, when uicasmed objectucly, will help to icfine 
diagnosis of brain injuiy and defect In addition, it should piovido 
a sounder basis foi undei standing behavioi Many psychological phe- 
nomena exhibited by man aie appaiently dependent upon the cerebral 
coitcx, about them w^o have relatixcly little luidoi standing Among 
these may be mentionctl jieicepfion of various types, meiiioi’y, learning, 
motor cooidination and ihytlmi, sleep and di earns, and hypnosis 

Scarcely inoie than one hundied ycais ago the p^eiulo-science of 
phrenology w^as in full populaiity, and it was not until the lattei half 
of the nineteenth centuiy that anatomical and histological studies, 
together with the beginning of expemnents involving lemoval of biRin 
tissue and electrical stimulation of different paits of the biain, began 
to piovide some leasonably valid concepts of biam function Our 
present knowdedge of biain function still lests in part upon neiiro- 
anatomical and ncmophysiological expcrii^'ients pei funned at the end 
of the last centuiy Aluch of the woik lias been repeated and extended 
with new and bettei techniques, but at least some of the basic concepts 
still peisisfc With advances in micioscopy, opeiatne techniques^ 
tissue-staming techniques and others, finer and finer stmctuial analysis 
has become possible Refinements in proceduios foi studying ])hysio- 
logical phenomena have gone hand in hand with anatomical develop- 
ments, although not until lelatively lecently ha\e neuioanatomists 
become somewhat functional-minded Since the 1920^ wdien greatei 
sensitivity of amplifying and recoidmg equipment became available 
with the development of ladio, theie has been great piogiess in the 
investigation of the functional activity of the coitex and othei nervous 
structures in terms of the electiical phenomena wduch accompany such 
activity Thus^ in the folloAving section an attempt wiU be made to 
desciibe some of the techniques which have pio^uded the most lecent 
mfoimation on biam function and which bid well to open new vistas 
of knowledge of man's most highly developed and yet most elusive 
activity — cortical function 

Cortical-stimulation Techniques 

In 1870 Putsch and Hitzig discovered that it was possible to pioduoe 
movements of the hind leg of a dog by stimulating an aiea in the 
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fiontal lobe on the opposite side with a weak clectucal current Latei 
Hitzig quite accurately outlined what wc now recognize as the excit« 
able aiea of the motoi coitex by Ftimulating a of points on the 

exposed coitex of the dog and monkey Although Bartliolow fiist 
leported similar electrical excitability in the cortex of man, oin most 
detailed mfoimation on the motor areas (princaj>ally areas 4 and G, 
see Fig 4) in man haye come from elecfciical stimulation studies bv 
Foeistei [23], Penfield and Boldrey [61], and f^caift [66] 

Electrical stixiulation The usual pioceduie foi stimulating 
electrically the motor cortex m animals ol man is to incise the scalp 
and tuin down a bone flap, exposing the coitical areas it is desired to 
'itimulate The tianspaxent membranous covenngs of the coitex, the 
dwa, arachnoid, and j)ia, aie then incited, expo^iing the vciy suiface 
of the cortex, although in many instances electrical stmiulation may 
be applied directly to the outer mcmbianoiis co\enng, the dm a This 
procedure, however, is apt to lead to diffusion ot the current and lack 
of disci ctenesa of the stimulus and the resulting icsjionse The stimu- 
lating cunent IS dehveied by means of wiies attached to two elec- 
trodes One electrode is usually attached to skm or muscle on some 
part of the incised scalp and senes only to complete the circuit thiough 
the animal The ^'actne” oi "stigmatic^^ electiode is usually a small 
metal rod, insulated except at its tip, which may be applied directly 
to the legion to bo stimulated Fiequcntly the tip of such an elec- 
trode IS coveied with a small bead ol cotton or has a cotton mck or 
thread attached to it wdiich is saturated with physiological saline 
solution This is done to piovide better contact with the surface 
of the cortex as well as to pi event injury to it 
The souice of the cunent may be a batteiy oi other direct-current 
supply for a galvanic current shock, oi an alteinatmg-cunent supply 
for a jaradic can ent shock The voltage and current must be properly 
controlled A common laboratory device for electrical-stimulation 
experiments is the indactoi luni This consists of two Bimple coils of 
wire which telescope one another, the innei coil being wound on an iron 
core A cunent led into the pumaiy coil will induce, on opening 
and closing the primary circuit, single “make’* and “break” shocks 
If it la desired to produce a senes of rapidly alteinating (faradic) 
shocks, the inductonuiii is connected m such a manner that a spring 
swutch in the piimaiy ciicuit is alteraately drawm to and released fiom 
the magnetic attraction of the non core This inteiiupts the primary 
ciicuit at a frequency determined by the tension applied to the spring 
mechanism and induces a series of “make-break” shocks in the sec- 
ondary circuit, which is attached to the electrodes Oidinaiily a 
stronger cuirent must be applied in a single “make” oi “break” shock 
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than when a senes of lapidly repeated shocks is gi\cn» foi m the lattei 
case a type of summation or build-up occuis at tlic stimulated point 
The emrent stiength is usually set initially at a low value and giadu- 
ally incieased until a response is just pioduced, ic, a thicMiold- 
stimulus level is detei mined Then the cun cut may be mci eased 
slightly above threshold value to insuie stimulation cveiy time the 
electrode is applied to an excitable point Theieaftci vaiious points 
over the entire cortical field under investigation may be touched 
gently with the stimulating electrode, and the lesponse, if any, is 
obseived Caie must be exeiciscd not to stimulate difteient points 
on the cortex too quickly, since the effect of stimulation in one area 
may ^hnhibit” oi ^‘facilitate" lesponse in an adjacent aiea on a sub- 
sequent trial unless 20 oi 30 seconds aic allowed to mteivene between 
stimuli 

If the stimulating electiodc is applied to the left motor region 
(area 4) foi the foreleg in the dog, for example, one may look foi 
movement of some pai t of the foi cleg on the opposite side of tJic body 
If the stimulus is applied ovei the right motoi region foi the tiiink, 
movement of tlie trunk miisculatiiie on the left side may be expected 

Penfleld and Bokhey [51] electrically stimulated the expobcd cortex 
of linman patients undei local anestlicsia, so tliat tlie patients could 
report then sensuiy exi:)eiience With both diiect- and alternating- 
current shocks, the logion along the posteiior edge of the Rolandio 
fisame was found to pioduce aensoiy experience on the opposite side 
of the body, conesponding to the cortical legion stimulated In botli 
the motor aiea of the fiontal lobe, just antenoi to the Rolandic 
fissure, and the sensoi^ area of the parietal lobe, just posterioi to the 
Rolanclic fissure, the oiganization of the excitable points began with 
the feet and legs at the top of tlie fissuie, near the rmdhne sepaiatzng 
the two hemispheres As the stimulating electrode was applied farthei 
and fazthei down on the lateial surface of the cortex, tlie region of 
response or sensibility moved up the tmnk to the neck and head Thus 
the 01 del of repiesentation zn the cortex is just levozsecl fjom that 
in the peripheral sense fields of the body, with excitable points on 
the cortex at the bottom of the fissure representing the head, eyes, 
and neck, and the points at the top lepresentmg the lowoi extiemities 
Some points were found in the parietal region which elicited motor 
responses, and some points m the frontal motor region which pioduced 
sensory oxperieaee, but m general the sensory aiea was chiefly along 
the posterior margin of the Rolandio fissure and the most excitable 
motoi regions weie along the antezior margin of the fissure Stimu- 
lation of area 17, the primary visual centei in the occipital lobe, some- 
times produced flashes of light, accoiding to the patient's lepoits, 
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stimulation in aiea 22 of the tcmpoial lobe pioduced ^^buzzing” sounds 
01 ^hinging’^ in the eais and sumctimes dizziness and di cam- like states 
Within \eiy lecent yeais iinpi o\ ements have been made in electncal 
stimulating devices These new stimulators make use of electronic 
circuits loi genciatmg controlled electric shocks Wa\e foim, cuiient 
sticngth, and fiequency of electiic shocks aie caiefully cahbiated and 
can be conti oiled and vaiied leadily These chaiactenstics are 
mipoitant, since the effectneness of an electiic stimulus depends 
upon its intensity, form, and duiation 
A unique method of piescnting continuous clcctiical stimulation 
to a paiticulai brain area in animals, \Mthout wiies fastened to the 
animal, was developed by Loucks [48] and Chaftce and Light [14] 
Two fine viies, insulated except at the tips, were planted in a particu- 
lai region of the biam \\hich it was desired to stimulate Thcae wires 
led to a small secondary coil of wire whicli was insulated and implanted 
undei the suiface of the scalp of a monkey A laige, primary coil 
was so placed m a diagonal position across the cage of the animal 
that, wherevei the monkey moved within the cage, it was m the 
electromagnetic field of this pnmary coil, thus a cuiTcnt was set up 
in the secoiidaiy coil and produced a continuous souice of electncal 
stimulation at the electrodes m the brain The animal was free to 
move about and was not subject to the possibility of infection, as 
might well have occurred with wnes extending from an open wound 
One of the difficulties wuth electrical stimulation of the cortex la 
that we know comparatively little about the manner in which the 
electrical current excites coitical cells, how much it spreads around 
the point of application, and how deeply it extends Despite these 
facts electncal stimulation is of gieat service to the neurosurgeon m 
locating regions on the surface of the cortex and has provided much 
information about the organization of the cortex, especially with 
lespect to sensory and motoi lepresentation 

Stimulation by local strichninization Nerve tissue is highly 
sensitive to stiychnine, and a weak solution of stiychnine sulfate 
applied to the coi’tcx markedly increases its excitability Dusser de 
Barenne [17] fiist used the method of local strychninization to map 
the sensory cortex of the cat in 1910 Latei he delimited the sensory 
cortex of the monkey by the same technique [18] When a few square 
inillimcteis of filter papei soaked in a weak solution of strychnine 
sulfate IS applied to the sensoiy aiea of the cortex of the cat oi monkey, 
it produces maiked symptoms of sensoiy stimulation in various parts 
of the body Foi example, if it is applied to the region of the sensoiy 
cortex in the right hemisphere, just behind the fissuie of Rolando and 
near the midline, it will pioduce during the next 30 minutes or so a 
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maiked liypei sensitivity to tactual Simulation on ‘=^ome poition of the 
left hind leg oi foot Fiequently, without any exteinal stimulation, 
the animal will start to aciatch oi bite the aiea ot skin conespondmg 
to the legion of the coitex fiom which the scnauiy experience oiiginates 
In other woids, the sensory expeneiico pioduoed by stimulating a local 
legion of the sensory coitex is ejected” to the appiopiiate part of 
the body from winch the expeiicncc would noimally aiise By means 
of this pioceciurc, then, it i^ possible to exploic the surface of the coii^cx 
and note the regions of the body showing hypeisensitnity to tactual 
and pain stimuli When the stiychnme is applied to a region outside 
the sensojy field of the cortex, hypeiesthcsia and hyperalgesia aie not 
detectable in any icgion of the body Thus the technique enables the 
mvestigatoi to clifteientiate between somatic sensory aieas of the 
coitex and non-sensoiy aioas 

The local stivchninization proceduie has been used in conjunction 
with the electiocoiticogiam, wdiich will be desciibcd subsequently, to 
deteimine the inteuelationblup of diftcient paits ut the sensory coitex 
[21, 2] The essence oi these combined pioceduies is that bti’ychnme 
applied to one region of the coitcx pioduces electiical potentials m 
other legions The iccoids oi tiacings show bpike-likc waves, called 
stiyolinme ^‘spikes” because of their shaip appearance If region A, 
to which stiychnme has been applied, pioduces stiychnme ^^spikes” m 
region B, but not m logions C oi D, functional connections between 
legions A and B aic indicated At least, excitation in region A 
or pioduces ‘^spikc’^ potentials in legion B, and the assumption is that 
neive cell bodies in A send impulses into legion B and excite it By 
cutting the cortex betw'een legions A and B, it can be demonstiated 
that tins functional lelationship is blocked Since excitation in 
region A does not excite activity m regions C oi D, it is assumed that 
there aie no functional lelationships, at least none conducting impulses 
fioni A to C or D On the othei hand, if strychnine is applied to 
C 01 D, it may tuin out that activity is induced m A This would 
mean that the conducting pathways between A and C oi D lun m only 
one dnection It thus becomes evident that by utilizing such a tech- 
nique one can map some of the multitude of interconnections between 
different parts of the cortex, and the same may be done foi relationships 
between cortical and subcoitical centeis [20] 


Cortical Deactivation Techniques 

One of the earliest techniques employed in studying the brain and 
its funotions was used by Flourens m 1823 It is the method of 
ablation 
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ABLVTIO^ The lemoAal of coitical tissue ^'Urgical nitan'^ is 
called ablation After exposing the \jrain nnder deep anesthesia^ 
ablation is usually accomplished by incising the maigiiis of the coitical 
area to be lemoved with a scalpel and then genth ‘^cooping out the 
circumsciibed brain tissue with a surgical spoon ui spatula If only 
coitical tissue is to be leinoved, care must be exciciscd not to cut too 
deeply, for the cortex in some animals may be only a millimetei ortw^o 
in thickness A fuithei complication, apait fi om the surgical caie 
with which the scalp and skull must be opened uiulei a deep anesthesia, 
IS the possibility of cutting ceiebial blood vessels Large vessels 
should be a\oided, and care must be taken that all bleeding is stopped 
before the incision is closed It blood seepage oi hcinoiihage occuis 
after the w^ound is closed, pres<^ure and hematoma (blood cysts, etc ) 
may develop and the animal may not surMve, or if it does its beha\ior 
may reflect the changes caused by incicased picssuie within the skull, 
ratliei than the effects of rcmo'sal of coitical tissue In some abla- 
tion experiments an electucal cutting kiufcj utilizing high-frequency 
cunent, is employed, which cautciizcs blood vessels as it cuts, thus 
reducing the amount of bleeding Another dcMce which may be used 
to destroy coitical substance la an elect) oca uteiy This consists of a 
metal tip or junction offering high lesistance to an electrical current 
and thus becoming almost 'hvhite hot’* when the cuirent flows thiough 
the two wuies connected to the cauteiy L’^sually such a de\ice has a 
voltage control so that the heat may be adjusted The cautery tips 
are made in convenient shapes fui approaching the surface of the cortex 
In all ablation techniques there is likelihood of the foimation of “scar 
tissue” along the margins of the excision In some mstances it has 
been suspected that this scar tissue sen es as an irritant and thus may 
excite or mliibit cortical actnity and behavioi which otheiwise might 
not have been affected by the ablation 

Many psychologists have employed ablation techniques in then 
studies of animal behavior m i elation to biam lunction These studies 
range in subject from the effect of certain lesions on sensoiy and motoi 
capacities to problem solving, habit foimation, memory, emotionality, 
and handedness Lashley’s woik wuth the rat is especially well 
known [44] He established tw^o principles with regard to the rela- 
tionship between brain tissue destioyed and habit foimation and 
retention m the rat These aie known as the principle of inass action 
and the principle of eqiapotentmlity The former holds that the rat’s 
learned habits, especially maze-leainmg luibits, are reduced m propor- 
tion to the amount of cortical tissue destioyed, the Inttei, that the 
foregoing pimeiple is tiue regardless of the areas involved Tims, in 
the 1 at, maze learning is related to cortical tissue in a non-specific way, 
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1 e , it IS dependc'nt upon mass oi amount of tisbuc latlici tlian upon 
a specific area, and m geneial one aiea may scJve as well as anothei 
Jacobsen [38, 39] did not find tins to be true jii the monkey and 
chimpanzee when tests of problem solving and memory woic made 
aftei frontal-lobe lesions Here apparently, with the piogiesM\c 
encephalization or coiticalization of function as the phylogenetic scale 
18 ascended, theie is, on the one hand, a greatei specialization of func- 
tion and, on the othei, a greatei complexity and moie highly integiated 
pattein of function so far as the whole coite\ concerned 
Laminar thermocoagulation The method of laminai theimo- 
coagulation, which was developed bv Dussci do Baienne [19], is a 
means of selectively destroying successive layeis of coitical ti‘^sue from 
the suiface inward The coitex has been shown by neuioanatomists 
to consist of an exceptionally complicated netwoik of ncive cell bodies 
and then piocesses As was stated eailier, tiie cortex of mammals 
from rat to man is generally conceded to be composed of six histologi- 
cally diffeientiatod laycis or laminae This differentiation is based 
on the coDcentiation, size, and structuie of nerve cells Apart fiom 
the histological evidence, wdiich in itself is by no means yot romplotc, 
comparatively little is known about the significance of the different 
layeis In order to investigate tlieii functjonal cliaiactci istics, Dussei 
de Barenne developed the laminar thermocoagulation method 
Biiefly, this method consists of applying heat to local regions of 
the cortex in such a way that vaiious layeis of the coitex fiom the 
surface inward may be selectively destioycd The device is composed 
of a small heating coil oi element containing a metal rod with a base 
plate which fits against the euiface of the cortex By legulatmg the 
resistance in the cncuit to the heating clement, the temperatiue of 
the metal plate can be controlled According to Dussei de Barenne, 
heating the coitex ovei a few square railhmeteis of suiface to a tem- 
peiature of 65 degiees centigiade foi 2 seconds destioys the nerve 
cells of the two outer layers, 70 degrees for 3 or 4 seconds destroys 
foul layers, and 80 degrees foi 6 seconds destioys all the layers With 
such a method it 5s possible to destioy one or two layers and then 
stimulate the immediately subjacent layer electrically or by appli- 
cation of strychnine In this way the effects of stimulating different 
layers can be determmed Furthermore, tins method of controlling 
depth of destruction should be useful for any of the types of expen- 
mentfl in which ablation techniques have been used 
Local freezing The’ leverse of the method just described for 
deactivating cortical tissue is local freezing of the cortex, desenbed 
by Nims et oi [60] They used twm prooeduies the first involved 
only a small trephine opening m the skull, through which the fieezing 
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i\fls done ^uthoiit inteileiing «ith the dural ineuihianc, the second 
involved exposing a laigei aica of the coitex and the removal of the 
duia before the coitcx was tieated with cold Tlie freezing was done 
locallj by applying a veiy small metal bucket containing carbon 
dioxide snow and ether, or in the more extensive areas by spraying 
with ethyl chloiide 

When brain tissue exposed to local fieezmg w'as examined micio- 
scopieally, it w'as found that all cells and fibcis weie dostioyed in the 
center of the exposed area, but that around the penpheiy of the area 
various degiees of degeneiation were noted It does not appeal, there- 
fore, that this method permits disoietely placed or sharply localized 
lesions In the dog these investigators found that local freezing 
tends to pioduce convulsions and abnormal electiical potentials in 
surioundiiig aicas The mechanism of the distui banco is as yet 
unknown, but it is suspected that ceitani chemical changes in the 
hi am tissue lesult fioin the fieezing 

Undlrcuttino and transection a method which has long 
been employed to demonstrate the hieinrchical airangement of levels 
of organization and mtegiation in the nervous system is transection 
Cutting across the spinal coid in the ceivical or thoiacic region in a 
spinal transection pioduces a paial 5 sis and ehnimatcs sensoiy impulses 
foi all regions of the body supplied by neive fibers originating in 
segments below the cut This method has been used by Sburrager 
and Cullei [59] and by Kellogg [42] in cxpeiiinents on conditioning 
m the spinal dog Transections of the nervous system may be made 
at liighci lex els m the brain stem, and by this means the integration of 
low^er leflex levels by the higher centeis has been studied A common 
pioceduie m many physiological expeinnenta, either for studying 
reflex action at that level of integration or for immobilizing and 
desensitizing the animal to pain, is decci ebi ation, W'hich usually means 
transection of the neuiaxis at the level of the raidbrnin With artifi- 
cial respiration such a prepai ation will persist for hours, making 
piolonged physiological investigations possible Decerebration pro- 
duces extensoi rigidity m antigravity muscles When decorticaUon is 
pel formed, the cerebial hemispheies, except for the brain stem and 
subcortical nuclei, are removed, this amounts to stiippmg off all 
cortical tissue 

In some studies, notably one by Bartley and Bishop [6], cortical 
tissue has been isolated by undercutting and thus sevenng the connec- 
tions of the cortex with the subcortical areas Sometimes cortical 
lesions are made by cuts almost encircling an aiea and then under- 
cutting it This leaves a tab of cortical tissue connected to the rest 
of the cortex at only one isolated point Such piocedures are some- 
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tunes useful iii attempting to deteimme how a particular area of the 
cortex IS influenced by other areas or by lower centers 


Electrical Recording Techniques 

In 1929 Hans Berger, a Geiman neuropsvchiatnst, first reported 
that electiieal potentials of ih>thiTncal natuie oould be lecoided from 
the surface of the scalp of human subjects The tracings oi recoids of 
electiical vanations fioin the biain aie called elect) oencephalogiains 
The potentials have been shown to arise in the coitex and aic believed 
to be associated with metabolic pioeesses The potentials recorded! 
fiom two electrodes attached to the scalp lange fiom a few microvolts 
(millionths of a volt) to about 100 miciovolts, depending upon the 
area and the individual In some abnormal conditions, such as 



Frontal 


Motor 




I 


Parietal 


Occipital ^ 50/iv 

Seconds 


Fig 5 Electroencephalogrdphic tracings from a normal adult subject 

Alpha wovet pr«dom[nat« In aft brafn r«gloiii, bul motor and frontal reglooi show a mixftjrft of 
alpha and fho smaller beta wovas The ttronO alpha rhythm of the occipital and parietal areoi 
hat a hroquancy of about 10 per second Ail tracings are normal The brain map shows the rolattvo 
positions of the electrodes on the scalp 


epilepsy, the potentials during a seizure oi convulsion may be several 
times the size of those m normal persons Typically, in the noimal 
individual theie is a predominant rhythmic electiical activity, known 
as alpha waves or the alpha rhythm These ihythmic waves m the 
normal adult occur at a frequency of about 10 per second, with a lange 
from 8 to 12 or 13 per second m different individuals, but with a range 
of vaiiation of only 1 oi 2 cycles per second in the same individual 
The alpha waves are most prominent ovei the occipital and parietal 
legions, but also occui^ over the temporal and fiontal regions Smaller 
and faster fce£a waves are found in all aieas, but aie usually most 
prominent m records from the frontal lobes, especially over the 
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motor aieas Figuic 5 sho^^s simultaneous trarmgs fioni foui paii^' 
of electiodes covcimg difteient areas of the biam This is the lecoid 
of a normal adult subject and 6ho\\b the alpha ihythin at about 
10 pel second 

The alpha waves occur when the subject has his eyes closed or is 
in a dark room When he opens his eyes oi w hen a light ib tui ned on, 
theic IS a blocking ot the alpha rh5’‘thm, le, the 'waves aie either 
greatly leduced in size oi obliterated (see Fig 6) Auditoiy stimuli 
will also block the alpha ihythm, although U'^ualiy not as effectively 
and as peisistently as a visual stimulus 


0010-second light flash h 1 second — H 


Fig 6 Alpha rhythm at about 10 per second from the occipital lobe is 
blocked by the onset of light at the arrow for the brief duration of 0 010 

second 

The waves remain blocked for abovl 1 second and then return to thalr normal rhythm 


The electroeTicephalographj briefly referred to as the EEG, is now 
used extensively m hospitals and clmics, especially as an aid in the 
diagnosis of neuiological disorders, such as epilepsy, and m the loca- 
tion of brain tumois, injuues, and so foith Fuithcimore, it is a useful 
measurmginstiument foi detecting changes m cortical actiutj induced 
by drugs and other forms of therapy The instrument has also been 
applied m the study of psychological di^jordeis and as an indicator 
of coitical response in a variety of psychological studies Details of 
the technique and results in these studies may be found in articles by 
Jasper [40, 41], Gibbs [29], and Lmdsley [47] 

Procedure for electroencephalogram In recording the elec- 
troencephalogram or brain waves, as the lecords are sometimes called, 
small metal electiodes about 6 millimeters in diamctei aie fastened 
by means of collodion to the surface of the scalp over diffeient legions 
of the head, depending upon the aieas of the biain one w ishcs to study 
The electiodes are usually spaced 2 or 3 inches apart Wnes lead 
fiom the electrodes to a switching anangement, wdieie any two elec- 
trodes may be made to connect with each of the amplifiers and record- 
ing instruments available One pan of electiodes is connected to each 
amplifier and recording system Since the potentials coming through 
the skull and scalp ore veiy email, they must be amplified nearly a 
million times This requires sensitive amphfieis The recoidmg unit 
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may be a cathode-iay oscillograph, a minoi oscillograph^ or an ink- 
writing oscillograph The inkwnting type is most fiequently used, 
since it wiites diiectly m ink on papei tape moving at a unifoim rate 
and provides an immediate lecord Usually the standard electro- 
encephalographic machines, like that shown in Fig 7, include from 



Fig 7. Equipment for recording the electroencephalogram, 

Tha tubl^ct with efcctrodw attached to her icalp normally sIN In the efedrically shielded room, 
wtikh may be darkened and ii semlsoundproof The experimenter It leaning over the box oontalrv 
Inp pre-ompllflen and switching arrangements for Interconnecting dtfTerent electrodei. He Is ad- 
{uttlng the Inkwrltlng oiclllogroph, which writes on the paper tape On either side of the expert 
menter are two black boxes which contain voltage and power amplifiers On the far right the white 
drcle Is the face of the cothode^ray oscillograph, which may be used to record brain waves. 


two to six amplifying and recording units, so that recoids may be 
obtained simultaneously fiom as many diifeient areas of the brain. 

In addition to having high sensitivity, the amplifiers must have 
speoial characteristics suitable for recording without distortion the 
waveform and low frequencies encountered Because of the high 
sensitivity of the amplifiers, they tend to pick up magnetic mterf erence 
radiating from alternating-current lines, and static interference from 
motors, elevators, electric fans, and so foith In order to reduce the 
interference the subject is placed in an electrically shielded room 
Such a room must be completely enclosed in a conducting material, 
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e g , copper or galvanized scicenmg All parts of the screened surface 
are soldered together and connected to ground, &o that interference 
effects are conducted away It is desirable, although not necessary, to 
have a room which may be darkened The subject may sit in a chair 
or relax on a cot During the taking of the lecord the subject closes 
hi8 eyes and attempts to relax physically and mentally 

The bram-wave records may be analyzed by counting the frequency 
or number of each different type of wave pei second, measuring the 
amplitude of the waves, and detei mining the percentage of time that 
certain rhythms are present in the record In addition to these 
measurable aspects of the recoid, there are often significant qualitative 
differences from subject to subject There may be unusual wave 
forms, variations in the patterns of the waves, and sudden surges, 
which are characteiistic of abnormal rccoids Swallowing, blinking, 
frowning, tension of scalp muscles, and bodily movements often pro- 
duce artifacts, and one must learn by experience how these non-cortical 
sources of potential variation affect the record Usually such dis- 
turbances can be quickly detected and identified by their wave form, 
sequence, and pattern, althougli sometimes they are not so readily 
identified 

Electrocorticogbam Brain waves may be recorded from the 
surface of the scalp of animals by the same general technique that has 
been described above for humans With animals, however, it is fre- 
quently desuable and possible to make localized recordmgs from 
specific brain areas After the cortex is exposed by operative pio- 
cedures, electrodes may be placed directly on it When electrical 
potentials are recorded in this way, the records are called electro- 
corticograrm The electiodes may consist of rounded metal tips 
gently applied to the cortex and held in place by a special holder, or 
of cotton wicks soaked in salt solution, which serves as an electrolyte 
or conductmg medium In some instances needle electrodes, insulated 
except at the very tip, may be inserted m the cortical tissue The 
method of recording the potentials is the same as that described above 

Some expel imenters employ an electrode holder, which is specially 
constructed to fit the contour of the skull of a particular animal 
This device, known as a Horsley -Clarke stereotaxic instrument, is so 
constructed that the electrode may be manipulated in three dimensions 
Each dimension of movement has a scale, so that the exact coordinates 
of a point may be determined, m tins way electrodes may be accu- 
rately placed, and a lecoid kept of the points from which potentials 
were recorded 

The electrocoiticogram traces not only the “spontaneous*^ potentials, 
as in the electroencephalogram, but also evoked potentxale Evoked 
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potentials arc those 'vanations induced by scnsoiy stimulation, le, 
stimulation not only blocks or reduces “spontaneous'’ electrical activity 
of the coitex but also pioduces disci cte potential ^vaves limited to the 
specific 1 egion conceined m the sensoiy process This method has been 
used by Woolsey et al [66] in mapping the sensoiy aiea of the cortex of 
the monkey By means of a mechanical vibiatoi they stimulated cuta- 
neous tactile sensory endings of the skin ovei vanous legions of the 
body While stimulating a particular i egion, they moved the cortical 
electrodes to difterent legions vithm the sensoiy aiea in the paiietal 
lobe and recorded the “evoked” potentials The region of maximal 
electrical response on the cortex was taken to be the piimary region of 
repi esentation of the penpherally stimulated area on the skin suiface 
In this way they weie able to map the sensoiy cortex foi tactile 
sensibility 

Electiocorticograms may also be obtained irom the exposed coitex 
of human patients at the time of opeiation [41] The magnitude of 
the potentials lecoided directly from the cortex is ten oi more times 
greater than those iccorded from the suiface of the scalp, otherwise 
the pattein of activity is veiy siinilai Accoiding to Jasper, recoids 
obtained in this way aie piimaiily useful foi research piuposes 


Neuropathology and Neurosurgery 

Two types of disruption of cortical function will be briefly described 
(1) behavioral disturbances aiismg from neuropathology in the cortex, 
as a lesult of biam injuries, disease, circulatory failuie, oi biain 
tumors and othei giowths, (2) neuiosuigical intervention wheie opera- 
tive removal of brain tissue is necessary, and m the recently developed 
field of psychosuigeiy, m which lesions of mtxacortical pathways are 
deliberately made in ordei to lestoie a measure of “noimality” to 
mentally disturbed patients 

Neuropathology The clinical neuiologiat sees many patients 
with lesions affecting the different cortical aieas They ause from 
the vanous causes noted above Unfoi innately it is not always 
possible to delimit accurately, by the usual clinical neurological 
procedmes, the exact site and extent of the lesion This inability may 
be due m pait to lack of sufficiently detailed and definitive tests of 
physiological and psychological functions, but it is also clue to the 
lack of time available to study each patient intensively and ovei a 
piolonged penod of time 

A further lequiiement is that eventually the biain of a patient, 
studied caiefully with respect to deficit in psychological and physio- 



logical adjustue fiinction-i, rau=t aho bo studied postmortem bv 
neuiohistolofiicaJ terbnirpics ui oidei to eonfiim the location and 
extent of tho lesion This presents a difficulty, in that a considerable 
lapse of time may inteivenc between the fiist behavioral observations 
and the autopsy, thus pi eventing con elation of early symptoms nith 
latei objectively determined pathology 

Despite the difficulties involved m lescaich in this aiea it appears 
to be extiemely impoitant to build up a batteiv of iisychological tests 
and measuies, especially in the areas of sensation, perception, action, 
learning, raeinoiy, and similai catcgoiios, which might be routinely 
applied at regular intervals to patients suspected of having different 
types of cortical lesions Tests of this kind should lie based as far 
as possible upon techniques developed m experimental psychology 
Id addition, many of tho standard tests employed in clinical jisyehology 
should be utilized 

The work of Head, Goldstein and Gelb, Popjieh outer, Rylander, 
Weigl, and others in this field has been outstanding More leccntly 
Halstead, Hebb, Haiiowei -Erickson, Babcock, Shijiley, Wechski, 
Beck, Piotionski, and othcis have made consideiablo progicss in 
extending the realm of psychological incasurement in neuropatho- 
logical cases The W'ork ol Halstead [32, 33, 34], utilizing pioccdures 
adapted from expeiimental psychology and psychophysiology, appeals 
to be especially pionnsmg A levuevv of psychological studies which 
haye lepoited changes of psychological functions associated with 
brain lesions and ablations in human patients has been presented by 
Klebanoff [43] 

Psvchosuroehy Fiontal lobotomy is the name applied to an 
operation fiist iindei taken by Moniz in Poitugal In recent years 
many operations of this type have been performed by Preeman and 
Watts [26], who lefined the opeiativc proccduie and who liave 
reported consideiable detail concerning the behavuoral changes which 
follow the operation In genoial, the operation is perfouned as a last 
resort m patients who are suffering from severe mental symptoms 
and maladjustment The opeiation consists in the cutting of the 
conducting pathways from the anteiioi portion of the fiontnl lobes 
to othei cortical and subcortical centeis An opening m the skull is 
made on either side of the head in the region of the fiontal lobes A 
blunt-edged knife is then insei-ted thiough the coitex and is made to 
describe an arc-Iike cut, up and dowm m each hemispheie This 
severs the wdiite matter connecting vaiious centeis of the brain with 
the frontal poles As a result of the operation many apparently 
"hopeless" suffeieis of mental ills have shown leinarkable recoveries 
The opeiation is by no means always successful, and although some 
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patients aze improA'ed a gieat deal, few are cntiiely ‘^nonnal The 
tiansition m behavioi aftei the operation is^ howevei, often striking 
and ofleis a challenging field of investigation to the psychologist 
The frontal lobotomy should bo distinguished fiom the frontal 
lobectomy, m which the anteiioi puition of the fiontal lobes is actually 
rernoved Lobectomy is usually peifoimed for the removal of frontal- 
lobe tumors 01 abscesses but may be undertaken also in psychiatric 
cases Tliese opeiations, togcthei with the ncuiopathological condi- 
tions discussed above and the vaiious types of shock tieatment 
(insulin, metiazol, and electroshock), all afford unusual opportunity 
for the clinical and experimental psychologist to apply old and to 
develop new methods of measuring behavioial changes 
The perfiona}it;y and beliavioi changes associated with brain lesions 
and opeiative proceduies in the biain have been surveyed by Cobb 
[15], and the methods and losults of psychological investigations in 
01 game and functional disorclcis have been ciitically reviewed by 
Hunt and Cofei [37] 


SUMMARY 

One phase of neuropsychology la conceined with the embryology 
oj behavior, i e , the earliest responsiveness of the fetus to sensory 
stimulation, the earliest motor lesponses, and the beginnings of pat- 
terned behavioi are part of the embryology of behavior The behavior 
and development of the neonate and infant have important fore- 
lumiers in the prenatal hfe of the fetus, and these in turn may be 
correlated with studies of the developing nervous system In addition, 
some of the techniques for studying human fetal activity provide a 
means of measuring the possible effects of maternal health, activity, 
and envwonment upon fetal reactivity and development 

Extiauteme studies of human fetuses lemoved piematuiely must 
be interpreted with caution because of asphyxia and lack of normal 
metabohe exchange Similar cautions are necessaiy in animal expen- 
inentation, but reasonably valid lesults should bp possible if care is 
taken in selecting the animal and the type of experimental procedure 
For studies of human fetuses in lUero the fetal electrocardiogram, the 
fetal electroencephalogram, and the maternal report of fetal activity 
appear to be the most promising methods of approach. 

Normal behavior and even hfe itself depend upon the proper regu- 
lation of the ^7^ter?^al environment The chemical constitution of the 
blood and lymph, which must be maintained in a relative state of 
equihbnura or homeostasis, is dependent upon the autonomic nervous 
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system and the endocrine glands When the internal enviionnient 
fluctuates widely with lespect tu the amount of oxygen, carbon dioxide, 
sugar, calcium, and othei constituents of the blood stieam, serious 
behavioral aberrations, disintegration of mental piocesses, and other 
dire symptoms may result Even the minimal fluctuations withm 
the tolerance level may reduce the efficiency of the individual and 
modify leceptivity, leactivity, and higher integiative piocesses 
Some of the methods of studying behavior m i elation to cortical 
function have been discussed These include cortical stimulation, 
coitical deactivation, electrocorhcal recording, and neuropathology 
and neurosurgery It is emphasized that there is a gieat need foi the 
application of principles and methods of experimental psychology in 
the mvestigation of behavioral changes associated with modifications 
in cortical function There should bo conceited effort on the pait of 
the neuro anatomist, neurophysiologist, and ncuropsychologist to woik 
together and niaintain a continuous correlation of then Jesuits 
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Chapter 16 


Studying Motor Functions and 
Efficiency 

Arthur G. 


The traditional approach to an understanding of complex behavior 
patteins, such as are involved in mental and physical work, is to 
break them down into simpler components For example, the act of 
typing a lettei can be considered a senes of unique key-pressing 
responses oi stimulus-iesponse units* There is a certain amount of 
truth in assuming that, if we can discover the explsnatoiy laws which 
apply to a single stimulus-response unit, we can explain the whole act 
of typing a letter Two points, however, must not be overlooked 
one, that a stimulus-response unit is not itself as simple a thing as 
it appeals, in anything but a logical sense, and the other, that complex 
piocesses are more than mere aggregates of the S-R units which com- 
pose them Therefore, in adopting the analytical approach for 
studying motor functions, we must recognize that it is preliminary 
only, and needs to be supplemented by methods which interpret acts 
as integrated wholes. Let us first examine some of the typical 
laboratory methods of studying simple S-R luuts 


aEMENTARY MOTOR PATTERNS 

If the term elementary is interpreted in a developmental or genetic 
sense, then the physiologist’s reflex is the model of an elementary 
reaction It is also assumed to be relatively simple m nervous pattern, 
involving a single sensory-motor arc, although this is probably never 
strictly true m practice Even if it could be assumed that a single 
primai^y arc la involved, there would still be the possibility of modi- 
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fication of the pnmaiy impulse by simultaneous impulses m otliei 
related aics, which might weaken or icmfoice the leflex The icflex 
has the advantage, however, of being lelatively fiec from ^oluntaiy 
control and relatively unaftected by leaining This makes it ideal 
for studying such factois as leinloi cement and inhibition The most 
accessible and easily eontiolled icflex foi laboiatoiy study is the knee- 
jerk 01 patellar- tendon leflex It has been a standaicl laboiatory 
method of demonstrating the qiiaiititatne influence of such factois as 
muscular set, adaptation, fatigue, emotional excitement, voluntary 
effort, and distraction ever since the classical studies of Lombaid in 
18S8 and Bowditch and Wanen m 1890 


The Knee-jerk Experiment 

If the subject is seated on top of a laboiatory table, so that the 
knee projects ovei the edge, and the lower leg is allowed to swing 
fieely fiom the knee, a quick blov deliveied to the patellar tendon 
just below the knee cap causes the lower leg to jeik foiwaid Since 
the vigoi of the joik vanes ’^ith the stiength of the blow, as well as 
with the exact point of contact, the appaiatus used to delivei the blow 
must be automatic The usual equipment includes a lubbei hammei, 
suspended fiom an adjustable pivot above the subject^s knee, which 
can be released by a lever so as to fall vith a constant force against 
a constant point on the tendon 

The extent of the knee jeik can be measiiied in various ways A 
common method is to attach a spin to the side of the subject^s foot, 
which pushes a lever equipped uith a lecording marker on the end 
The marker indicates on a millimeter scale the extent of the jeik 

To nieasuie the leflex leaction time, it is necessaiy to lecoid the 
time betjveen delivery of the blov and the beginning of the knee jeik 
This IS accomplished by having the fall of the hammei operate an 
electnc switch which staits a chronoscope, the kick of the foot opei- 
ates a second switch, theieby stopping the chronoscope A simple 
automatic device for recoidmg the time is described by Schlosbeig 
[27] 

Both the extent and speed of the knee jeik vary with many factors 
Reaction tunes have been found to vaiy fiom 10 milliseconds to 90 
milliseconds, indicating that the slowest knee jerk is faster than the 
fastest voluntary reaction Fatigue^ sleep, and diugs ictaul the 
reflex, whereas geneial or specific tension, hungei, mental activity, 
and emotional excitement accelerate it Extraneous stimuli occuiiing 
near the time of the blow may rcmfoice oi inhibit the leflex, depending 
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on tlie time lelations Foi example, Btmditoh ami Wanen [0] found 
that, if the subject’s fist is clenched just bcloie the blo^ is dcliveicd, 
the eftcct on the extent of the jerk la la) to incicasc it if the blow 
follows the clench by les^s than 0 4 --econd, \b) to decrease it if the 
blow follows more than 0 4 second but less than 2 seconds later, (c) 
neutial, li the blow follows more than 2 sccoiid;^ latei 
The duel objection to the phyMologista leflcx as the elementary 
unit oi behaMoi is that it is m\oluntaiy, whereas most oi the bcha\ior 
in which we aic mteicsted is voluntaiy We need a unit which icpie- 
sents the simplest ^oluntaly iC'^ponae The so-callcd simple reaction 
IS of this sort Foi example, it a subject is iii'^tructcd to piess a key 
with his fingei the instant a light is flashed on as a signal, the behavior 
can be assumed to lu^ oh c the operation of a simple connection 
between the visual stimulus and the finger i espouse The objection 
could be laiscd that the simple leaction ib not strictly \oliintaiy, at 
least at the time it occuis, but is, instead, a picpaiod icficx, m which 
the subject gets set befoiehand to leact automatically when the signal 
is given [34, p 305] This distinction, how^ever, la not verj*^ important 


The Simple Reactron-hme Experiment 

How rapidly can the avciage peison make a specific voluntary 
leaction to a specific stimulus? On wdiat factors does the speed of 
such a leaction depend? How widely do persons differ in then 
leaction^timo speed? Tu answ'oi these questions it is necessary to 
measiiie wuth a high degree of accuracy the time between delivery of 
the stimulus and the beginning ol the i espouse moxemeiit The unit 
of measui einent used is the millisecond, oi thousandth pait ol a 
second The appaiatus required is (a) a stimulub key, to bo oper- 
ated by the expeiimentei, which both contiols the presentation ot the 
stimulus and starts the chronoscope or othei timing device, so that 
these aie exactly synchionized, (b) a i espouse key, to be operated by 
the subject, which stops the chionoscope instantly, and (c) the cliiono- 
scope itself, wdiich registeis in milliseconds tlie time between its 
staitmg and ^topping 

Electiic contiols aie best, because it is essential that no time lag 
of the apparatus mvalidate the human leaction-time measurement 
The lesponsc-movement time should not be mcluded, therefoie the 
lesponse key should be so arranged tliat the subject, by lilting his 
fingei, can break the electiic circuit A downward movement against 
the tension of a telegraph key leqimes museulai effort and introduces 
an undetei mined time eiroi into the measurement's Another souice 
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bf eiior IS the lag m the stimulus device Light- bulb filaments which 
aie slow to warm up or sound-producing devices with a mechanical 
lag must be avoided Of com sc, a constant known time lag can be 
cohected foi, by subtiacting fiom all reaction-timo measurements, 
blit frequent recahbiation of chronoscopes against a leliable cuteiion 
i6 necessary The essential features of the chionoscope are a giadu- 
felted aic 01 dial, ovei which moves a clock hand or pointer driven by 
H mechanical oi electrical clock mechanism at a rapid rate, so that 



Fig. L The readion-Hme ©xpeHmenb (Apparatus designed by J. Vaughn 
for Cincinnati Psychology laboratory ) 


a smgle scale unit indicates a millisecond The pointer must be 
capable of instantaneous starting and stopping, m order that a reaction 
time can be calculated from the diffeience between the two scale 
readings 

Frequently a chronograph is used metead of a chronoscope Accoid- 
ing to this method, the stimulus and response switches operate a 
signal marker, which marks reactions on a kymograph dium Since 
the recording paper moves at a constant rate, the distance between 
the marks can be interpreted m teiras of reaction-time units, For 
very accurate work, a time Ime is simultaneously insonbed on the 
kymograph record by a stylus controlled by a vibrating tuning fork. 

The subject sits at one side of the table, as shown in Fig 1, with 
his index finger resting on the reaction key. In fiont of him is the 
apparatus for presenting the stimulus, eg, a light, a buzzer sound, 
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or a tactual stimulatoi The experimenter sits behind a screen at 
the opposite side of the table and operates the switches controlling 
the stimulus apparatus and chronoscope Reaction times depend on 
the leadiness oi aleitness of the subject at the instant the stimulus 
18 given, theieforo it is customary to give a preparatory signal a 
short time before the stunulua This is done by saying “Now'^^ or 
flashing a small pilot light It was disoovered by experiment that 
the optimal time between stimulus and signal is 2 seconds, with a 
range of 1 to 4 seconds [33] During this interval the subject 
tenses his muscles, particularly those of the reacting hand, and 
attends closely to the stimulus A slight difference in the speed of 
the reaction results, depending on whether the subject directs his 
attention mainly to the stimulus or mainly to the responding hand 
The foimei is called the “sensonah* type, the latter, the "muscular” 
type [34, pp 306-308] Some subjects give quicker leactions of the 
seasonal type, some of the muscular type, but a combination of the 
two, called the ‘^natural” type, is most satisfactory foi general labora- 
tory studies Piactice in any particular type of reaction tends to 
fihoiten the reaction time, wheieas fatigue lengtliens it The following 
are typical xeaction times for different modalities 


MSB Modalitv 

Reaction Time, Milusbconds 

Vision 

160-226 

Audition 

120-182 

Touch 

117-182 

Warmth 

180-240 

Cold 

160-230 

Pain 

400-1000 


When verbal leactions are called for, a special type of reaction key, 
called a voice key, is used The subject speaks into a special type of 
miciophone, and vibration of its diaphragm breaks an electric circuit 
and stops the chronoscope^ 


Discriminatory end Choke Reactions 

If the subject is told that the stimulus may be a red light or a g)een 
light and that he is to react only if it is red, his reaction tune is 
lengthened considerably If the problem is still fuiliher complicated 
by instructing the subject to react with the right hand if the light la 
?ed, and with the left hand if it is greerij still longer reaction times 
result Increasmg the numbei of alternative stimuli and responses 
still further slows the reaction A particular type of complex reaction 
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IS the "'asbociative” leaction, in ^hich the subject ih instructed to 
lespond uith the fust word ^^hlch occius to him when a stimulus woid 
IS piesented Since the choices aie infinite, his icaction is ^eiy slow, 
fiom 1 to 3 01 moie seconds in length Any limitation of the choices, 
-uch as dnectmg the subject to icspond with the opposite of the 
stimulus woicl, bhoitens his leaction time 


Serial Reaction Time 

In actual bcliavioi the single isolated reaction is the exception 
lather than the iiile Much moie common is the seiial leaetion, in 
which a whole senes of lesponses follo\^ one anothei in tempoial 
sequence Often each i espouse m the senes acts as a stimulus to set 
off the next lesponse m older This is tine of walking, typewnting, 
playing a piano, and many othci evciyday activities Is icaction 
time longei oi shoitci when reactions occui m such a sequence with 
no pause between, and how is this time affected by factors inherent in 
the senal foim of lesponse? To answei these questions, a diffeicnt 
type of reaction tunc expeiiment is used Either the stimuli aic 
piesented at some aibitiaiy late, or else the subject dcteimines the 
late himself by his speed of lesponding Usually he pcifonns undei 
instructions to woik as fast as possible without making eiiois 

Two topical serial tasks used m the experimental laboiatory aie 
tappmg and coloi naming Tapping is peifoimed, with a metal stylus 
held m the light hand, on a tappmg board Mith metal contact siu- 
face, which is in electrical cucuit with the stylus, so that each tap 
can. be lecoided kymographically oi counted by an electiic countei 
A commonly used type is the Dunlap tapping boaid, which has two 
contact suifacGs, one at each end, lequiring the subject to tap altei- 
iiately at opposite ends The average leaction time can be computed 
fiom the numbei of taps deliveied in a stated peiiod of time 

Color naming is typically peifoimed as follows A laige caid, 8 X 10 
inches, contains 10 hoiizontal rows of small colored squaies, 10 to a 
low The colors led, green, blue, yellow, and black aie aiianged in 
landom sequence The subject is instiucted to name the colors in 
order, following the rows, as rapidly as he can When the card is 
completed, it is lotated 90 degiees and lead again Two moie lota- 
tions of the card aie possible befoie the identical oidci of colois is 
lepeated, making 400 stimuli in all, so that the subject cannot 
memorize the order The time from starting to finishing is lecoided, 
and divided by 400 to obtain the average single leaction time 

The principles involved in the two serial leaction tasks described 
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above diftet ni several vays fioin those g()\erning di-netc single 
leactions In the tapping peifoimancc, we can a'^-uinc that the 
.stnnuJus ivhich imUatc- each lap, except the ^Lvy first, is the kmaes- 
thetic-tactual sensory cue tiunislied l)v the picceding tap In this 
lespect we aie dealing with a simple leactjon Instead ut being given 
a warning signal and an adequate prcpaiaUuy intei\alj howcxei, the 
subject must execute the response bcfoie he has lecoieied from the 
pieccdmg leaction Attention cannot be maintained at a liigh pitch 
very long Also thoie is a cumulative musciihr fatigue from <^ucces- 
sive taps, not to mention pain ‘lensations, all ot which affect the latei 
leactions in the soiics In the coloi-naming peiformance, we arc 
dealing wuth the ^^choico’' type of leaction, since the subject must 
leact to one of fi\e posbible colors by one of fi^e possible verbal 
1 espouses How^e^c*l, he has a chance to glance ahead and anticipate 
whole gioups of colois His response la theiefoic to groups oi pat- 
tcins lathci than to disci cte stimuli JSraicelv any muscle iatigue 
lb in\ohed, but thoie aie other cumulative factors within the central 
neivous system, and then effects may be appieciable 


Improved Methods of Studying Serial Reactions 

An ideal appaiatus foi studying such a peiformance as color naming 
should peimit the presentation of onl> one color at a tmie, so that 
gioupmg IS minimized, wdiile at the same time letting the subject 
contiol the rate of presentation to contorm to Ins maximum speed 
Time between each succcssnc stimulub and lesponse 'should be auto- 
matically legisteied, so tiiat piogiossne changes in leaction time and 
othoi significant tendencies can be studied Foi cuinpaiativc pur- 
poses manual as well as x^eibal reactions should be provided for The 
ordei of appeal ance of the coiojs should be as near chance as posbible, 
wuth infiequent icciirience of any paiticular sequence A large 
amount of tnal-and-euoi expci imentatiun resulted in the develop- 
ment of the apparatus shown m Fig 2 [32] The kind of recoid 
obtained fiom the appaiatus is shown underneath the photograph 
Tlie distances between the shoifc xeitical maiks lepicsont reliction 
times It can be seen that, in addition to the irregulanty in reaction 
times displayed thioughout, theie me lecuiient blocks oi pi obliged 
leactions at mteivals wdiich aie pecuhai to the seiial reaction type 
of performance and wliicli indicate some cumulative effect of rejieated 
stimulation A block can be defined arbitianly as a reaction time 
which IS twoce tlie length of the modal reaction time pievaihng during 
the minute in which the block occurs Experimental evidence shows 
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that the fiequency and length of these blocks tend to increase with 
prolonged work and with any agents which have a depressant action 
on performance, such as drugs oi anoxia On the othei hand, prac- 
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Fig 2, Color discriminator and kymogaph record 

tice decreases their frequency and length [1] Individuals differ 
widely m the blocking tendency, from the person who shows practi- 
cally none to the one who blocks after eveiy five oi six responses 


Facilitative and Inhibitive Sets 

One important discovery which has come out of the work on 
reaction time is that the character of the response depends veiy much 
upon the state of pieparation of the subject at the time the stimulus 
18 delivered It has even been suggested that the response jb not a 
voluntary response so much as it is a '^prepared leflex,” since the 
voluntaiy element is entirely a matter of assuming a preparatoiy set, 
and that the reaction itself occurs reflexly to the stimulus Ceitainly 
the differeuQ^ found between the reaction time with aud without a 
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leady signal upholds this opinion, and the dilTeicncc bctT\ecn the 
reaction times obtained \^ith the “sensorial’* ^eraiis the “muscular 
set suggests that the prepaiatoiy state of the musculatuic is aU- 
impoifcant Not onlj' is thcie evidence that the musrica directly used 
in the reaction become tense during the foiepcnod, but also othei 
muscles of the body quite remote from the reacting member show 
inciease of tension [10] When the subject is instructed to assume 
a tense attitude, leaction times are shortened 
When voluntarily induced tension has been used aerial leaction 
times of the controlled-association tjqie, theie has been found an 
optimal degree of muscular tension which gives the quickest pei- 
formance, and any inciease or decrease from this optimum affects the 
late of peiformance detrimentally [29] 

There are a number of methods of studying quantitati\ely the 
amount of tension in muscles Tension in the reacting hand itself 
can be determined by the pleasure exerted upon the response key, 
pio\ided this key is equipped with a device for registering it [19] 
When the lesponsq consists of writing with pencil oi stylus, a lough 
estimate of the degiee of picssure can be obtained by placing several 
lay CIS of carbon sheets and copy paper undei the writing surface, or 
by having the subject write on a surface underneath which are sensi- 
tive spiings and a kyinographic device for recording pressure varia- 
tions Still another method is to use one of the various types of 
pressure stylus equipped with a pneumatic chamber or electrical 
device for transferring a record of the piessures, excited at the stylus 
point, to a kymogiaph [30] Finally, tlie action current method, 
mentioned m the following paragraph, is often employed 
When the tension in muscles other than those used m responding 
18 being studied, somewhat different techniques for measuring tonus 
aie desirable Foi example, it has long been recognized that the 
amplitude of the knee jerk is a good indication of the general tension 
in body muscles, not merely that of the patellar tendon and quadri- 
ceps or thigh muscle The more selective kinds of muscular set, 
however, may be local and actually involve reductions in tonus of 
remote muscles To study them, it is necessary to measure directly 
the changes in the muscle itselt Three methods foi this puipose 
are (a) the resiliency method, (b) the dejcrimtxon method, and (c) 
the action emrent method The resiliency method is based on the 
fact that a muscle becomes more lesihent to external pressure when 
it 18 tense For example, if a lubber hammer is suspended m such 
a way as to swing tlirough an arc against the muscle when released, 
the distance thiough which the hammer rebounds is roughly propor- 
tional to the tension m the muscle The deformation method consists 



essentially in iicorrling the mo^emont of ft lc\ei held agaiiibt the 
muscle M) as to detoim it The thickening of the muscle with 
increased ten^lon moves the ]c\oi and can be iccoided kymogiaphi- 
cally by a maiker attached to the uthci en<l of the le\ei Oi a small 
mm 01 ananged to tip ^Mth the mo\Gmcnt of the lever can be made 
to leflect a beam of light whose amiiiified exeuisions can be photo- 
giaphed on moving film The action cunent method has been 
desenbed at length m Chaptei 14, pages 412-414 
The application of thosc tension-ineasuimg methods to human 
behavioi patterns has made cleai the intimate i elation between sub- 
jective states of attention and \olitional efioit and those changes in 
musculai tension which undcihe them 


Studying Decrement In Working Muscles 

In all o\eit i espouses theie is a muscular element invohod, even 
though the amount of this element vanes widely vith the kind of 
lesponsc In the simple leaction it is puiposely i educed to a mini- 
mum, and in such seiial reactions as coloi naming it is i datively 
insignificant An imdei standing of the lole played by musculai 
fatigue in dotci mining cfficienc}^ in continuous sciial icactiuns is, 
liowevei, essential Theieloie psychologists demised a method of 
studying this element in as simple and uncomiilicatod a situation as 
possible the eigogmphic evpeiiment The most widely used type of 
eigograph is that invented by Mosso, which bcais his name [20] 
Its purpose is to foice an isolated muscle gioup (the middle fingei 
muscles) to work against stiong le&istance lepeatedly until a point 
of appaient exhaustion h i cached A weight, suspended by a wiic 
fxom a pulley projecting fiom the edge of a table, fonns the lesistance 
against which tlie middle finger of the subject’s hand pulls The 
fingei IS equipped with a small sleeve, to which the wire is attached 
The subject is instructed to flex his fingei icpeatedly to its full extent 
at intervals of 1 second until he can no longer flex it The hand and 
aim and muised fingei s aie tightly bound and all backwaid ino\ement 
of the elbow is blocked, so that all the stiain is placed upon the finger 
itself As the weight uses and tails, a le^ci attached to the wiic 
moves a mni leer, which lecoids kymogiaphically the extent of each 
excursion of the fingei The lesistance can be inci eased or deci eased 
by adding more units of knoivn kilogram w’^eight to the wiic^s ond oi by 
lemovmg some of them 

The resulting recoid la called an eigogiam It piesents ccitam 
common characteristics, even though every subject’s eigogiam is 
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unique in foim An initial ]k‘11(u 1 oi high ( fficiciicv lollo^^ed, 
within a few minutes, by a cumplutc sto{) That tlii> stop does not 
lepicscnt total oi peimancnt c\liaii‘-ti(m is shoun b> the fact that 
a brief lest enables the subject to begin woiking again If the weight 
is 1 educed, tlie subject can begin again iinmed lately Of couise, the 
amount ol woik accomplished in such a second attempt is less than 
that done m the fii^t, but with shoit losts altci each exhaustion point 
the wmik can be kept up almost indefinitely 
The pattern of the eigogiam, which ivas lung consideied typical foi 
the fatigue of all isolated muscle gioupa, is one in which the excui- 
sions giadiially decline m extent fiom the initial high level until 
they finally cease Peihaps if the fatigue ol the muscle w^erc the only 
factoi involved, such a cuivc wmiild loally be tj^pical It is, lunvevei, 
a false assumption that the oigogiam icflccts only muscular decre- 
ment, it icflects also the decline in Aolitinnal cfioit and control 
excited by the cential nei\ous system This is domonstiatcd by the 
fact that an clcctiic cuiiont applied diicctly to the ^^cxhaiisted” 
muscle wull elicit vigoious flexions It is because of the impoilance 
of the ccntial factoi that such wucle indiMdual diffoionces occui in 
oigogiams and that, as was demon stiatcd by Yocliclson [ 35 ] foi arm 
flexion, each individual seems to possess an eigogiam winch is chaiac- 
tcristio of him Some peisons show' an caily decline follow^ed by a 
peiiod of vntual cqiniibiuun befoie the final sudden diop occui s, 
others maintain a relatively high Icxel almost to the end A tlnid 
type exhibits an initial ii&e followed by a giadually accelciated 
decline 


WORK OF THE INTEGRATED ORGANISM 

Now that wc have surveyed the methods used in analysing ele- 
mentary motor patteinb, we aie leady to considei the methods of 
studying the course ol efficiency m the integrated activities of the 
entile oiganism, the individual at work Eailiei attempts to dis- 
tinguish betw^een physical oi musculai woik, on the one hand, and 
mental wmik, on the other, have been gixcn up because of ample 
demonstiation that no such cleai dichotomy exists Foi, on the one 
hand, there is no purely musculai woik which is fiee fiom the contiol 
of the cential neivous system with its conscious voluntaiy component, 
and, on the othci hand, tlieic is no purely menial work earned on in 
complete independence of motor sets, reinforcing tensions, oi small 
muscle activities Equally fiiiitless have been attempts to distinguish 
between the cneigv expenditure inyohcd in the “rnentar* veisus the 
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“physicaJ*' component in such activities as taking a written examina- 
tion What wo really wish to ^tudy is the comse of efficiency in 
work and the factors which influence it This calls foi a definition 
of the terms wo'iK and efficiency 

Woik IS sometimes defined in teims of the product and sometimes 
m terms of the process The physical definition of work is expi eased 
in terras of the movement of a given weight (A/), through a given 
distance (D), m a given time (T), but this fails to take account of 
the directing and controlling work involved even m such simple 
activities as packing chocolates Moreovei, an activity like solving 
arithmetical problems cannot be expressed m weight-moving teims 
at all If we substitute difficulty of the task m place of weight, 
ainmrnt done m place of distance, and retam the term time, we can 
then state that work equals difficulty times amount divided by time 
This still fails, however, to include the factor of control^ so important 
in human work, unless we add a foimth teim, quality This gives us 
the foimula 

Difficulty X Amoimt X Quality 

work — — 

Time 

In measuniig performance, thiee of these values are standardized, and 
the vaiiations of the fouith arc measured The hardest terms to 
which to assign objective values aie difficulty and quality, because 
what IS difficult foi one person is easy foi anothci, and vice versa, 
and quality is frequently a matter of individual opinion Fortunately, 
however, absolute scaling methods are available by which difficulty 
and quality can be quantified for any given task 

Efficiency must be thought of m terms of the economy of effort 
with which the woik is pei formed and is therefore a *'piocesa” concept 
Four factors must be considered speed, accuracy (or quality), effort, 
and satisfyingness The first two factors, speed and accuracy, have 
sometimes been combined into a single speed-accuracy score by 
imposing a fixed time penalty for eirora Effort la measured in 
terms of the physiological energy expended, either daectly or indi- 
rectly Satisfyingness is the only subjective factor to be dealt with, 
but it IS nonetheless important because of the effect it eventually 
has on the other faotois It refers to the worker^s degree of satisfac- 
tion or distress in the performance of the task and must be determined 
by some stand aidized introspective report 

Studying the Course of Efficiency In Continuous Work 

Most investigations of efficiency m woik have been concerned with 
four mam problems: 



1 The effect of work on its own efficiency This is the 3 study of 
the changes that occui m the level of peiformance and efficiency in a 
paiticulai task because of continuous work at that task These 
changes aie graphically shown in the curve of work, to be described 
presently In all piolonged woik periods a deciement eventually 
appeals winch is attnbuted to fatigue, but this is no means tlie 
only effect of work upon itself 

2 The effect of work on efficiency in othei subsequent activities 
The working oiganism is an integrated whole, and the effects of work 
at a given task are not confined to that task, but transfer to other 
activities in vai^mg degiee It is impoitant to discover the principles 
goveitnng such transfer 

3 The comae of recovery from the effects of continuous work 
What influence do rest periods have m bunging about recuperation 
from the effects of continuous work? 

4 The effect on the efficiency of woik exerted by exbaneous factors 
How do distractions and environmental influences, physiological 
agents, suggestions, and motivational factors influence the course of 
efficiency in work? 

Each of these four problems will be taken up m succession Each 
presents its own peculiar difficulties in eliminating uncontrolled 
variables 


The Curve of Work 

A typical work curve is shown in Fig 3 The abscissa scale is 
divided into equal parts of the total w'ork period These may be 
time units, as houis, or amount units, as pages of material to be 
typed The oidinate is divided into accomplishment units, which 
may express quantities of material completed pei houi or minutes 
taken to complete a given amount of work When an ordinate value 
has been plotted for each successive abscissa step m the giaph, it is 
possible to trace the course of efficiency throughout the work period 
Just as m learning curves, a drop m the cuive indicates a decline in 
efficiency, provided the oidmate scale lepresents amount umta, but it 
indicates a rise m efficiency when the oidmate scale stands for time 
01 effort Conversely, a rise in the curve indieateB an improvement 
in efficiency m the formei case, but a loss in the lattei It is well 
to remember that the points on a woik curve repiesent relative 
rather than absolute values, beoauae there is neither a known zero 
nor a known 100 pei cent efficiency Some expenmentera arbitiarily 
call the fiist point 100 per cent, in which case all points falling below 
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it repiesent less than 100 pei cent and all points above it indicate 
moie than 100 pei cent i^oine such method is necessaiy if wuik 
cm VOS aie to be compaied with one anotliei 
When efliciency is measuicd m teiins ui pciformancc in the major 
task itself, the method is known as the contuiuous work method 
When it IS desired to obtain a gage of the indmduars general actimtij 
level resulting fiom woik at the majoi task, howevei, it is customary 



Fig, 3 Work curve for mental multtplication (Drawn from E S Robinson’s 
graph In Prachcal Psychohgyt The Macmillan Co, 1926 ) 


to mtioduce test activities at stated inteivals and plot a ciuvc showing 
the variations in performance level m these test activities Foi 
example, if tlie major task is working pi obJeros in addition, the test 
activity might be measuimg the subject's stiengtli of giip A test 
of Ins dynamometei giip might be mteipolated eveiy 16 minutes 
during the addition woik Theie is a falacious assumption involved 
in this method, i e , that the effects of work aie gcneial fox the whole 
organism and can tlieaefoio be measured just as weJl in activities 
extraneous to the major task as in the major task itself The experi- 
mental evidence shows that such effects as fatigue are moie specific 
Nevertheless, this method, which is knoum as the mteipolated task 
method, is widely used Some of the test activities used aic desenbed 
below 

1 Stiength of grip, measmed by a hand dynamometei graduated 
in kilogiams or pounds 

2 Physical enduiance, measured by obtaining an eigogiam 

3 Motor speed, indicated by the late of tapping on a tapping board 
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4 Musculai precision and steadiness, measured by an instiument 
such as IS depicted in Fig 1 on page 394 In this method a pointed 
metal stylus is thiust lepeatcdly into each of the holes in the upiight 
plate If the subject touches the sides of the hole, the contact oper- 
ates an elcctnc countei, lecoidmg an cuoi against him His scoie is 
the number of eiiois 

5 Reaction time, simple, choice, ot associative 

6 Tests of specific mental functions, as immediate memory, atten- 
tion, perceptual speed, judgment, reasoning, and control of imagery 


Measures of Organic State 

If the entenon of efficiency used is the amount of effoit lequiiecl 
to do a given amount of woik, there must be some mcasuie, in physio- 
logical teams, of effort expended We mentioned previously that 
some mvestigatois ha\e consideied the tension m body mubclos to be 
an index of effort and have used one of the tension-measuring 
methods described on page 467 to estimate the degree The safest 
index of the amount of energy used by the organism, ho\\ever, is the 
metabolic late This is studied in one of two ways (1) by nieasuiing 
changes in the physiological processes, such as bieathing, heait or 
pulse rate, blood piessuie, blood volume, temperatuie, or the psycho- 
galvanic leflex, or (2) by analysing the products of metabolism, as 
carbon dioxide m the expned au oi ox^^'gen consuinecl oi the latio 
between the two, called the lespiiatory quotient, oi by analysing the 
blood and urine for changes in carbon dioxide content, sugar level, 
alkali reseive, etc 

The techniques for measunng the physiological processes are simple 
and can be used in any laboiatoiy Continuous kymogiaphic records 
can be obtained through the use of tambour-conti oiled markeis An 
apparatus called the Dariow behavioi-iesearch photopolygiaph com- 
bines most of these measures m a continuous photographic lecoul 

Analysis of the pioducts of metabolism, on the contiaiy, lequues 
chemical techniques foi which special skills arc necessary The 
method most commonly employed is lespiratoxy calonmetiy The 
oxygen intake, latc of oxygen consumption, and caibon dioxide 
elimination aie determined thiough chemical analysis of the expiicd 
air Piobably the best single index is the oxygen- consumption rate, 
since caibon dioxide elimination vanes with the stiength of bieathing 
and may not indicate the late of caibon dioxide pioduction at the 
time When lespiiatory calonmetiy is being studied, the subject 
must wear a face mask or helmet for conti oiling the oxygen intake. 



and expired nu must be collected in bags and chemically analysed 
The effect of the woik is shown in the percentage inciease ovei the 
resting metabolic rate fixpenmental lesuUs obtained horn applying 
this method to the study of woik efficiency indicate that, when the 
iniisculai component of the work is laige, thcie is a lather close 
lelation between eneigy consumption and objective output, but in 
predominantly intellectual woik the energy lequnement is small, and 
the relation to work output is less close In neithei case docs the 
metabolic rate continue to rise cumulatively m propoition to the 
length of time the woik goen on Instead, an oxygen debt is incuiied, 
which IS paid back giaduahy aftei woik ceases [26]. 


Measures of Satisfyingness or Feelmg-tone 

The fourth ciiteiion of the efficiency of work is its satisfyingness 
to the ’^voiker This can be deteimined only by an intiospective leporfc 
from the subject as to his feeling-tone fiom time to time Unstand- 
aidized intiospections, howcvci, aie notonoualy imtrustwoithy, and 
many of the problems dealt with make it necesaai^y to state the sub- 
ject's feeling- tone m terms of degiees on a quantitative scale, so that 
a curve oan be plotted showing impiovcment oi decline with continuous 
w^ork For example, wc wish to answer such questions as the 
following 

How 3s feeling-tone conelated with organic state and with output? 

Can theie be alterations m feeling- tone with no conosponding 
changes in bodily state or objective efficiency, and vice versa? 

A senous obstacle m the way of getting reliable lepoits of feeling- 
tone IS the fact that verbal reports tend to be vague and to vary in 
meaning from pei^son to person When one subject reports feeling 
^Very tired,” his actual state may be tbe same as that of anotbei 
subject who reports ^^averago feelings This makes it difficult to 
compoi’e the feelmg-tone curves of diffeient persons or even of the 
same peison at diffeient times, but experience with other rating-scale 
construction pioblems indicates that such difficulties can be overcome 
The scale should have between five and seven steps, because a 
smaller numbei makes it too msensitive and any Jaiger number 
requnes too fine distinctions for the worker to make significantly 
Should fbe scale points be repiesented by single words or plirases like 
^^very tued,” or are long phrases or sentences better, as greatest 
eagerness for work I ever expeiienoed”? Certainly the less ambiguity, 
the better How can the scale be anchored as to zeio point aAd 
limits? If a subject’s feelmg-tone curves from different days are to 
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be combined or compaied, the uppei and lowei limits should be fixed 
Foi exanijile, the lower limit might be described as “the gioatest 
aveision I ever expeiienced tow aid beginning oi continuing woik/^ 
and the uppei limit by the phiasc quoted above The middle of the 
scale would be “a\erage feeling-tone” If, howevei, a relative scale 
IS lequired, then the subjects initial feelmg-tone, at the beginning 
of the particular woik peiiod, can be used as a zcio, and any use oi 
fall can be given plus oi minus values How often should reports ot 
feeling-tone be obtained during a woik session? The subjects must 
not be interiupted too often oi the continuity of woik will be 
destioyed A test can be given eacli 20 minutes, by having the 
worker make a check, on a scaled chart, opposite his feeling-tone 
level at that time 

In geneial, it has been found that satisfyingness of the woik, oi 
feeling-tone, diops off almost fiom the start and declines inueh moie 
rapidly than does output level Howevei, peisous who show the 
greatest decline lu feeling-tone also show the most loss in objective 
peiformance It is possible foi a rise m output to be accompanied 
by a drop in feeling-tone [22] 


Studying the Features of the Work Curve 

Students of the objective work cuiwe have described a number of 
characteiistics which seem to indicate faiily constant trends To the 
extent that these tiends aie universal, they piobably have underlymg 
causes Among the majoi tiends noted aie (a) the geneial decre- 
ment, (6) waiming up, (c) piactice effect, (d) spuits and rhytlims of 
specific sorts, and (e) blocks Special methods have been devised toi 
analysing these various tiends, which will be discussed presently 
The most constant of the above trends is the general decrement^ 
which 18 the tendency for efficiency to fall off in the later stages of a 
prolonged work session Although commonly associated with the 
concept of “fatigue,” it is not necessarily identical with it, since 
fatigue has come to imply an organic breakdown If fatigue la 
defined as Thorndike [31] suggested, le, as that loss of efficiency 
lesulting from continuous woik which can be elimmated by lest, 
then fatigue and geneial decrement can be considered identical But 
decrement is not always reflected in an objective diop in the work 
ouive Theie are other tiends which may obscure it, such as practice 
effect Let us examine the methods by which investigatois have 
estimated the decrement m work cuives 
One method is to subtract the final level of the curve fiom the 
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initial level, but this piocediiie has the disadvantage that both these 
points are subject to wide huctuations and aie not significant of 
the tiend of the cuive as a wliolc Similaily inadequate is the 
method of subtincting the lowest fioin the highe&t point in the ciiive, 
foi a curve whose gcneial ticnd is downwaid may show its highest 
point m the second half because of a sudden spuit A inoie satisfac- 
tory method is to subtract the aveiagc lev^el of poitoimancc dining 
the second half of the work iieriod fiom the aveiage level in the fiist 
half If deciements in difteient cuives aie to be compaied, the above 
scoje can be conveitcd into a ratio by dividing by the aveiage level 
in the fiist half, thus 

Average level in second half — Average level m first half 

Decrement »= 1 ; — : j — ——r. 

Average level m lirat lialf 

This method is satisfactory in woik curves in which piactice effect 
IS negligible Ideally, of couise, since woik of an organism is sup- 
posed to involve the opeiation of peilected habits, there should be 
no piactice effect to complicate the cuive PiacticaJly, Imwever, it 
IS impossible to bring habits to a point ulieie no fuithei impiovement 
from piactice occuis, befoio obtaining a woik cuive As a icsult the 
impiovement due to piactice obscures the deciement due to woik, 
and the objectn^e cuive may appeaz flat or may even use That this 
fact does not mean that no deciement has occuiied can be demon- 
stinted in the following way We know that deciement disappeais 
with rest, but practice effect is letained Therefoie the level of per- 
foimance aftei a sufccient icst will indicate what the level would Imve 
been at the end of the work penod if no decrement had been piesent 
The difference between this level after rest and the level at the end 
of the pievious wmik period giv’^es a measuie of the decioment which 
would have appealed in the objective woik cuive, if no practice effect 
had been present to obscuio it Hence the formula for deciement by 
this method, m the foim of a latio, is 


Decrement « 


Level at lest — Level at end of worlc 
Level at beginning of ivork 


This indicates the proportion of the initial efficiency which the subject 
has lost during the woik period 

Studying the principles of the decrement Expeiimental 
studies using the above method of computing decrement show that it 
IS almost always piesent in some degiee, but the amount vanes 
greatly If w^e could say that the amount is a simple function of 
the length and difficulty of the task, as we oidmarily define difflciUty, 
our problem would be solved easily Actually, however, such a sujj- 
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posedly difficult task as multiplying thice-place numbcis by three- 
place numboi'', “in one's head” produces a veiy giadual decline in the 
work GUI VO, wheieas an ostensibly simple task like leading off pqpqpq 
or othei typed rows of letters fiom a caid pioduces a steep decline 
in a shoifc tune [2] E\idently a more analytical appioach is needed 
to deteimine the causes of the work dceiement Tasks must be 
broken up into then stunulus-iesponae elements, and these elements 
systematically vaiied Such an analysis leveals tliat tasks differ m 
the following significant ways (a) their continuityy the degree to 
which the units follow^ one another without a break, (b) their homo- 
geneity ^ the degree to which identical units are repeated over and o\ ei 
wuthoiit intioducing vaiiations, (c) the degiee ot conflict between 
units, wdiethcr they aiouse antagonistic reactions, (d) the degree of 
familiarity with the task, whethei the habit systems utilized have been 
thoioughly piacticed, and (e) the degiee of meaningfulness of the 
task, its interest value Three of these principles, a, h, and c, charac- 
teiize what is populaily knowm as monotony and account for the 
subjective state called boieclom The othci tw^o, c and d, e’^plam what 
IS Icnown as the complexity oi difficulty featuie of ccitain tasks [23] 

In addition to the impiovement in level of peiformance in work 
emwes clue to the piactice effect, a distinctly diffeient factoi causes 
an initial use in efficiency in many curves It is easy to distinguish 
this effect fiom piactice effect because it disappears with rest, whereas 
piactice effect peisists and shows up after rest The name given to 
the second factor is warning up It is possible to ineasuie warming 
up quantitatively by the following method First determine *baw 
warming up” by finding the high point of efficiency i cached at the 
peak of the early rise in the curve, then find the level of efficiency 
aftei a lest at the end of the woik peiiod This latter value repre- 
sents peimanent impiovement Subtract this from the law warming 
up to obtain “net wainiing up ** The foimula is 

Net waiming up = Raw w^arraing up — Level aftex rest 

The defect in this procedure is that practice has taken, place duimg 
the woik period subsequent to the high point at wdiicli law warming 
up 18 measured This additional practice is, of course, included m 
the level aftei rest The result is an undei estimation of the amount 
of net warming up This, how^evei, is not too serious, considering 
that the bulk of the piactice effect takes place early m the work 
peiiod 

Theie aie ceitain majoi de^aations in the work cuive which, 
although not always present, occur often enough to wairant experi- 
mental study These aie known as “spurts,” oi lathei sudden and 
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temporaiy peaks of efficiency The most important are initial spurt 
and end spuH 

The fiist of these is found especially in cuives obtained fiom homo- 
geneous work in which speed is an important factor It occuis during 
the fiist few minutes of woik and consists in an initial high point of 
efficiency followed by a steep diop, with a subsequent leveling off 
after 5 or 10 minutes Investigators who have failed to obtain this 
deviation have questioned its reality, but then failure is accounted 
foi by two errors in their inetliod of computing the cuivc Since 
initial spurt is so brief, it is concealed by using tasks m which either 
the units of woik aie too large or the inciements along the base line 
too long How could one expect to discover a spuit which lasted 
only 5 minutes, in a woik cm\e plotted in 10-mmute inteivals? Yet 
the extieme importance of this initial peak and drop is shown by 
the fact that it accounts foi 25^0 per cent of the total decrement in 
many cuives The explanation foi the phenomenon lies in the fact 
that the woiker begins the task with a leserve of energy which is 
lapidly dissipated until a stabilization point oi point of equilibiium 
is found ivliich can bo maintained indefinitely Pait of this is a 
conscious readjustment by the woikcr to the realization that he has 
overestimated his ability at the stait Initial spuit can be computed 
by the formula 


Imtial spuit = 


Initial level ^ Lfo west level m fii^t 10 minutes' 
Butial level 


The second phenomenon, end spurt, ocoms only in work curves m 
which the woiker has some way of knowing when the end of the task 
penod 18 coming, so that he can anticipate it and be stimulated by it 
This knowledge can be gamed in a variety of ways other than being 
told by the experimenter For example, it can be learned from past 
experience with the same task situation Thus animals sometimes 
show end spurts m then perfoimance on a learning task in which a 
ceitain number of luns occurs each day Conscious realization or 
intention need not be involved The method of computing end spurt 
18 to subtract the lowest performance level during the final 10 minutes 
of work from the final level 

Rhythms and blocks In addition to the spurts just described, 
othei variations m efficiency occur throughout the woik cuive Some 
of these are doubtless due to chance factors, but some show a tend- 
ency toward periodicity Early attempts to relate them to some 
common underlying central energy fluctuation, such as an ^'attention 
wave,” weie abandoned because their periodicities failed to agiee with 
each othei Thus, in attending continuously to minimal sensory 

478 



stimuli, expel imenters have found periodic fluctuations in clearness, 
but the peuods vary with the sense oigan involved and must there- 
fore depend on piocesees m the particulai penpherai oigans oi corre- 
sponding brain eentera [11] Again, m continuous work m \shich the 
woik units are small enough, it is possible to demonstrate a number 
of different ihythms of efficiency, vaiying fioin those with veiy high 
penods of a few seconds to much longci cycles of seveial houis^ 
duration Pei haps even the cycles of seveial days' or weeks' dura- 
tion recently described by Herscy [12], and attubuted to physio- 
logical rhythms belong in this group The same difficulty, however, 
confionts the expeiimenter in studying all uf them, namely, pi ovmg that 
they aie tiue ihythins and not aitifacts oi chance vaiiations Phillpots 
[21] attempted to rationalize these rhythms by seeking a mathe- 
matical formula which would describe them He concluded that they 
follow a law of ^^damping," since theie is a progressive inei ease in 
their length with time Thus he consideied shoi’t and long rhythms 
to be a part of the same fundamental piocess Be that as it may, the 
mathematical analysis involved is beyond the aveiage student 

Another phenomenon winch occurs m continuous woik of a homo- 
geneous type may be i elated to the rhythms just desciibed It is 
the tendency for blocLaj or pauses, lo, piolonged reaction times, to 
recur at fiequent inteivals These were mentioned on page 465, in 
the discussion of serial leaction time The mental state accompany- 
ing them IS one of temporaiy confusion, inability to lespond correctly, 
or m some cases lapse of attention If a response is attempted, it is 
likely to be an error Frequently the block is accompanied by emo- 
tional tension because of the frustration involved In ordei to have 
a standard by which to identify it, a block is aibitianly defined as a 
reaction time which is twice the length of the modal leaction time 
prevailing during the minute of woik in which the block occuis 
The mode is used in prefeience to the arithmetical mean, because 
it excludes the atypical block leaction times fiom the computation 
of the average reaction time, whereas the arithmetic mean, if 
computed before the blocks aie identified, mcludes them By 
defining the block m terms of the t3qncal leaction time for the pai- 
ticulai task in which it occurs, w^e permit it to vary in length from 
task to task, and flora the early part of the woik curve to the later 
part For example, in tasks like coloi naming, in which the modal 
reaction time does not exceed a second, the block may last less than 
2 seconds, but in such tasks as solving figuie analogies, m which tlie 
modal reaction time is several seconds, a block will be a half minute 
or more m length 

Two major questions about blocks are these: (1) Can they be 
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shown to be leal (le , not just extieme vanations withm the normal 
diB])Oision laiige of leaction times) and ihythmic oi peiiodic in occur- 



Fig 4* (Above) Grdph showing recurrent prolonged response times, or 
blocks, In the work curve of solving figure analogies (Below) Frequency 
distribution of reponse times from the above work curve, showing bimodality 


rence? (2) What causes thorn? The first question can be answered 
statistically by plotting a fiequeucy distribution of leaction-time 
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lengths foi an entiie work period 'When this is done, as in Fig 4, 
it IS evident that tlie blocks do not fall into place ns extieine measures 
in a normal uniraodal distubution, but 'oinetnnes emeige as a second 
modal hump lying at the peiipheiy of a J-shaped ciu-ve To demon- 
strate pciiodioity, it IS necessaiy to measuie all the intei block dis- 
tances and plot a frequency curve of them If no periodicity exists, 
the frequency cuiwe of interblock distances should show a normal or 
chance dispeision If, on the othei hand, a definite peiiodicity exists, 
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Fig 5 Composite frequency diagram for color-naming, vocal and manual, 
showing multimodal distribution of interblock intervals* (From Bills [3].) 


it should emerge as a mode at some definite point along the base 
line, ^ith a narrow range of dispersion of the measuies fiom it If 
more than one peiiodicity exists, there should be a multimodal distii- 
bution of tlie interblock distances, with a sepaiatc mode for each 
periodicity Figure 6 indicates that not one, but two oi possibly 
three, distinct rhythms exist which aie multiples of the shortest 
ihythm [3] 

The second question, What causes blocks? has been partially 
answ^ered in terms of the hypothesis of cumulative refractory phase 
Just as the senaoiy-neuio-inotor elements involved in lesponding to 
a Btimulus require a shoit lecupeiative period (refractory phase) 
after each response, so, in homogeneous work in which the same ele- 
ments occur repeatedly, if each response in senes is forced to occm 
betore complete recovery from the piecedmg one, a debt accumulates 
which must be paid by a prolonged refractory period, or block, at 
fiequeut intervals The frequency of the blocks should be directly 
related to the continuity and homogeneity of the work That this is 
true has been demonstrated by systematically vaiymg the homo- 
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geneity and continuity of the tasks used and noting the vaiiations 
ni fiequi^ncy of blocks resulting Table I piesents the data foi a task 
of writing letter sequences of two-letter and six-lettei combinations 
[241 


TABLE I 

HoMOQENCITy ANP BtOCKINO 

Condition Avorngo Blocks por Mmuto Totel Aveiago T^cngth 

1 Most homogGneous 2 1 714 

2 Least liomogonoous 1 4 62 7 


Before leaving the discussion of blocks, it should be pointed out 
that, smee they usually incieaae in length and fiequency with fatiguo 
and decrease with lest, they offer a sensitive index to the state of 
efficiency ol the workei 


Studying Transfer of Decrement Between Tasks 

To what extent do decrements in efficiency which were developed 
in the peifoimance of one task tiansfer to oihei tasks engaged m 
immediately afteiward? What pnnciplcs govein such transfer? 
Special methods developed for answenng these questions expeumen- 
tally must be based on recognition of the complex chaiacter of the 
deciement fiom work Theie are at least three different kinds of 
deoiement, (a) the specific decrement tliat develops in the operations 
directly involved in the task, (b) the decioment m functions related 
to, but not directly involved in, the task opeiations, (c) tlie decrement 
m those bioad woik attitudes, attentive sets, and volitional contiols 
which cany over to almost any subsequent task because they aie so 
general The analytical S-R approach has pioved most enlightening 
in studying the first two types of transfer of deciement, and the 
Gestalt approach has yielded the most fruitful concepts for undei- 
standmg the last The present discussion will be limited to the fiist 
two 

The conventional method of studying transfer of decrement— having 
subjects engage in some such task as addition, and then immediately 
afterward working at cancellation, multiplication, or memorizing 
words, to deteimmo whethei* they accompbah less in tlie second task 
Under these conditions than they would it no addition work had pre- 
ceded — la of little value It merely answeis the question whether 
there is any transfer of deciement, leaving unanswered the questions 
of v)hat, hov> mxich, and in what way 



The analytical methorl consists in selecting tasks winch can be 
bioken up into simple S-R components and finding out whether the 
amount of deoiement tiansfeired between tasks is a function of the 
number of such S-R components piesent in both tasks in common 
Foi example, in one study [5] the woik consisted in writing lettei 
sequences One task ah^nys involved wilting ABC continuously 
This was the standard The othei tasks differed in the number of 
letters which were identical wuth those m the standard task ABD 
has two such letters, AEF one, and EfG none Five conditions were 
used The standard task was always worked on fiist, then a second 
task immediately after waid, in which eithei all elements were the 
same as those m the first task, oi two wcie the same, or one was^ oi 
none Standard and comparison tasks weie worked on m alternate 
minutes foi a total work peiiod of 16 minutes A fifth condition 
involved lesting in the alternate minutes 
Table II shows the average results^ undei each of the five condi- 
tions, in terms of number of ABC units wiitten It can be seen that 
the numbei of units done is inversely piopoitional to the number of 
elemente common to tlio two tasks The greatest transfer of clecie- 
ment occuis when the standard and comparison tasks aie identical, 
the least, when they have no elements m common Rest, of course, 
involves no tiansfei of decrement and hence gives us a control m 
terms of which to estimate the leUtive amounts of tiansfei in the 
other conditions 


TABLE n 

Thansfer of Decrbment 
Total ABC Units Wntten m Eaoh Condition 
Conditiona All Eloments Two Elemente Ono Element NO110 Rest 

in Common m Common m Common Common 

7911 8262 8468 8609 8766 


A striking fact is that, as compared with the rest condition, the 
condition in which the two tasks have no elements in common pioducee 
very little decrement transfer 


Transfer of Set 

The common element in two tasks may be a particular set or work 
attitude, such as an accuracy set, a speed set, 01 a ihythm set Foi 
example, it a subject is fiist given a task lequinng a high degree of 
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accuiacy, this accuracy set will cany ovei to a subsequent task and 
will result m a highcj degree of accuiacy in the pcifoimance of the 
second task than would have occurred otherwise If the first task 
emphasizes speed, the tempo of the second task will be acceleiated 
coireapondmgly Cathcart and Dawson [7] demonstrated this m 
the following way Their subjects wcie allowed to perform a wide 
variety of taslcs, from Simple tapping to playing musioa] selections on 
the piano, at then natural or self-selected late They were then 
asked to pei form at a different rate, either faster or slower than the 
first Finally they were again allowed to leveit to the rate which 
seemed natural to them Table III shows that the final rate of work 
tended to be deflected m the direction of the intervening rate 


T\BbE III 

Number op Taps im 5 Sbcondb 
Imtial Rato latorvomng Rate Final Rato 

11 23 (fostor) 16 

12 7 (slower) 10 


Sharp [28] demonstiated that such sets as the foregoing have a 
physiological basis in lesidual tensions in the muscles which persist 
into the later perfoimance 


REST AND RECOVERY FROM WORK 

In studying memory, we have a curve of learning and a curve of 
forgetting The second begins where the first leaves off and may 
be consideied the reveise process Analogously, m studying fatigue, 
we have the curve of work and the curve of recovery after oessation 
of woik It IS only recently that the curve of lecoveiy has been inves- 
tigated quantitatively Two typical expeumental procedures will be 
described one for studying the curve of recovery from muscular 
work, the other for intellectual work 


The Recovery Curve for MuscularWork 

Illustrative of the first type of curve is Manner’s the&is [18], He 
studied five diffeient muscle gioupa in the finger, the hand, the arm, 
the leg, and the trunk The subject flexed these muscles repeatedly 
until a state of exhaustion was reached* Ho then lested 6, 10, or 20 
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minutes, at which time he was given a test to deteiinme the degree 
of recupeiation that had been i cached by that time The combined 
results for all muscle gioups aie shown m Fig 6 The average woik 
done in the test following each rest pause is oxpiessed as a per cent 
of the aveiage work done with unfatigued muscles It can be seen 



After rest of 5 minutes 10 minutes 20 minutes 

Fig 6 Course of recovery from muscular fatigue (From Manzer [18] ) 


that the average recoveiy after 6 minutes was 82 pei cent, aftei 10 
minutes, 90 per cent, and after 20 miDutes, 96 per cent The curve 
IS negatively accelerated, with the gicatest gam during the fiist 5 
minutes Longer lests gave diminishing i etui ns in recuperative value 


The Recovery Curve for Intellectual Work 

Methods for studying the recuperation curve for fatigue from 
mental work were developed by Kiiby [15] foi all thiee methods of 
appioacb, le, output, ojganic state, and feelmg-tone The mental 
work consisted of continuous solving of ftguie analogy problems, a 
type of material used m some intelligence tests, involving reasoning 
by analogy, but capable of being made liighly homogeneous A seues 
of these pioblems is shown in Fig 7 All subjects worked 30 rainutee, 
then rested, and then weie tested for degree of recoveiy by a 5 minute 
test The rest period was varied systematically in length foi diifeient 
groups of subjects one group rested 2 minutes, anothei 3, another 6, 
another 7, another 10, and anothei 20 minutes Objective decrement 
was measmed in terms of problems solved, number done coirectly, 
and number of blocks It was computed by subti acting the level of 
performance at the end of the work period from that obtained in a 
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6-nainiit<} test penod the next day With this value as a measure of 
100 pei cent decrement, the amount of icrovciy after a given length 
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Fig, 7, Section of work sheet illustrating figure analogy problems. (From 

Kirby's study [15],) 



Fig, 8, Recovery curves following mental work. 

Curve A, Sklfvr«jli^gi>c« chofiotj Curve fi Problatm Worked correctly Curve C BJoeWnp ten- 
deocy Curve D Peeling'tone change* (From an unpubllihed fhesU by T Kirby, 1942, In the 
Unfvenity of ClrKinnotl library ) 


of rest could be ooroputed as a percentage of it Feehng-tone was 
mca&ured by a scale of values ranging fiom 10 to zero, with desenp- 
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tive statements foi the uppei and lowei exti ernes to guide the subjects 
m then introspective repoits Recoveiy in feelmg-tone with rest 
was computed m the same mannci as iccoveiy in objective perfoim- 
ance level Oiganic state was measured by the PGR, expressed in 
ohms lesistance This index uses undci conditions of lelaxation and 
di ops duiing mental effort or attentional strain Resistance was 
measured duimg a preliminaiy quiet peiiud of 15 minutes betore woik 
was begun, duung the 30 imnutes of woik, dining the following lest 
peiiod, and during the teat period aftei rest Figure 8 gives the 
cuives of recoveiy for each of the ciitena, i e , skin resistance change, 
pioblems woiked coriectly, reduction in blocking, and improved 
feelmg4one 

It can be seen from Fig 8 that skin icsistance lose steadily during 
the rest peiiod, legaidless of how long it was, thus indicating a pio- 
gresBively increasing degree of relaxation This very relaxation, 
however, appaiently reached a point which made it difficult foi the 
subjects to begin work again, because all the othei curves show a 
leversal of the recovery tendency when the rest penod la longei than 
7 minutes Output uses to a maximum recoveiy of 86 per cent at 7 
minutes, then ie\erses its trend downward, so that at 20 minutes the 
recovery level is only 43 per cent Recoveiy from the blocking tend- 
ency shows a similar use and an even steeper diop The leversal 
in subjective readiness for resumption of work, as indicated by 
feelmg-tone, is even more drastic These results agiee with the dis- 
coveiy of a previous investigatoi that a w^oikei’s readiness to resume 
a task increases for a penod of 5 to 10 minutes, then imdergoes a 
decline before finally reaching the complete recovery stage The 
optimal rest penod, therefore, should terminate at the point where 
readiness to resume work is at a maximum. 


Sleep as a Recovery Process 

'The methods of studying the recovery process outlined above do 
not cover the special problem of sleep as a recuperative pioceas 
Experimental findings about sleep have tlius tar been mainly nega- 
tive There is no certain method foi determining tlie depth of sleep 
Such methods as finding the stiength of a senaoiy stimulus necessary 
to aiouse the sleeper oi recording the number of movementa during 
sleep seem to give eontiadictoiy results, and it is not certain that 
the recuperative value of sleep is a function of its depth Studies of 
the effect of loss of sleep, oi voluntaiy insomnia, suggest that most 
mental work of a routine sort is perfoimed as well or better after 
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prolonged peiiocls of wakefulness as after noimal sleep [26] That 
it IS pei formed with no moie expendituie of effoit, however, is very 
doubtful Piobably the moat fiuitful appioach to the problem is 
suggested by the expeiiment of Land [16], who compared the amount 
of energy consumed m pei foniimg a stated task immediately after a 
noimal night^s sleep with that consuincd by a person who liad lost 
several houis of sleep The loss of sleep lesulted in greatei eneigy 
expenditure 


THE INFLUENCE OF EXTRANEOUS FACTORS 

The fourth major problem of efficiency, as outlined on page 471, 
involves the effect on woik exerted by factois extraneous to the task 
Itself, including (a) distiactions and environmental influences, (b) 
physiological agents, and (c) suggestion and motivational lactors 
The past history of expenmental woik in this field shows that it is so 
difficult to avoid the influence of uncontrolled variables that much of 
the work already done is worthless and much more of doubtful sig- 
nificance Let us fiist considei the pioblcm of studying physiological 
agents, such as drugs, tobacco, alcohol, dietary factois, ventilation, 
and atmospheric conditions Wliat fiequently neglected variables 
must be brought under control to insuie significant results? 


Studying Physiological Conditions 

All physiological agents can be said to influence behavipr in two 
distinct ways fiist, by their direct effect on the organism thiough the 
blood stream and tissues, second, by the mdiiect effect which the 
Bub;ecVs knowledge of their presence has upon his behavior Since 
it is the first type of effect which is usually being investigated, the 
second must be controlled oi eliminated m the following ways 

1 Concealing thb presence of the agent When the factor 
whose influence is being studied is introduced through the moutli, it 
18 frequently possible to use a control dose, winch is indistinguishable 
from the real dose, so that the subject never knows ivhether he is 
being given the control or expenmental condition Examples of tins 
method are found m the Hull expeiimont [13] on pipe tobacco smok- 
ing, m which the blindfolded subject puffed warm an fiom a specially 
constructed pipe m the control condition, and m diug experiments 
in which a placebo, or neutral pill fooking and tasting like the real 
pill, 18 used An unavoidable loophole m the method, however, is 
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tlie /act tliat the expeumenta) agent often producea secondary efiects 
on the oignmsm ^^lulh v^Siin the subject of its piesence and thus 
influence his behavioi by subtle suggestion Moieovei, it is impos- 
sible to conceal iiom a subject the fact that he has oi has not gone 
without sleep oi food 

2 Counter sugoestion A sti iking example of this method is 
found m Dorcus^s expciiment [8] on the effect of cigarette smoking 
He hypnotized Iiis subjects and convinced them that they weie smok- 
ing dmmg a control condition in which an unhghtecl cigaiette was 
held in the mouth Oidinanly, one cannot be siue tlial the suggestion 
IS leahy effective, but m this instance the subjects showed that it was 
by peiiodically shaking imaginaiy ashes fioin the ends of the unlighted 
cigarettes 

3 H\bitual \tsrbus occasional users The effect of continued 
use of chugs and othei physiological agents is to build up toleiance, 
both 01 game and mental, for them They therefore piocluce on 
habitual useis effects quite diffeient fiom those on occasional oi non- 
useid Results fiom these different gioups must be mteipieted 
sepal ately 

4 Temporal course or the effects Since the action of most 
physiological agents peisists for a consideiable time, the only ade- 
quate way to expiess their effects on pertoimance is to plot a con- 
tinuous eui\e indicating the entire course of efficiency through seveial 
houis In some cases, effects do not appear until days latei There 
has been a tendency to investigate all such phenomena in too flag- 
men tary a mannei 

5 Amount or strength of the agent A number of expeii- 
menteis in this field have been motivated by the desire to answei 
some piactical question, such as whcthei a peison can. get intoxicated 
on 4 4 pei cent beer or whethei twm cups of coffee aie harmful The 
result 13 that they have failed to explore systematically the effects of 
all degrees of the agent Sometimes a slight change in amount makes 
all the difference betw^een a negligible and a maiked effect on efficiency 
Anothei pioblem is conti oiling the strength accmatoly, because this 
depends on the concentiation wuthm the body and not just the amount 
of intake 

6 The practice factor The tasks used to measine efficiency 
should be w^ell practiced Otheiwise improvement from leanimg is 
likely to be confused with impiovement fiom the action of the agent 
If tlie experiment is pursued for seveial days or weeks, cumulative 
effects are certain to appeal, which may be due to practice oi to the 
cumulative action of the agent 

Studiinq the effect of anoxia Illustrative of the problems 
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1 rev - 1 cu ft Apparatus Layout 



Fig 9. Apparatus for studying mental performance under anoxemia. 

(Above) Apporatui for preientfng sltmull ond rocordtng re^ponsei, and for controlling the Oxygen 
content of the Iniptred air 

(Below) Douglo) doubt* volve with headgear for breathing air from bag. (From an unpub- 
lUhed study by OeldreUh and BElU.) 
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which arise m this field is the study made by Bills [4] of the effects 
of reduction in the ovygen content of inspiied air on efficiency in the 
task of sei lal color discrimination The method used was to prepare 
a laige supply of an of a given desired oxygen content, before each 
experimental peiiocl, by mixing air with mtiogen in a chambei in the 
appiopnate amounts The subject then inhaled this mixture during 
the woik ])ciiod and oxlialcd through a sejiarate exhaust valve Six 
diffeient concentrations of oxygen weie used on different experimental 
days by each of the subjects noimal air oi 20 9 per cent, 15 per cent, 
12 per cent, 10 6 pei cent, 9 per cent, and 8 per cent The percentage 
of mtiogen used in diluting the air was controlled by a flow meter 
and checked by a ehemzcal gas analyser The subjects were equipped 
with a bieathing appaiatus, so that they inhaled only air from the 
chamber and exhaled into the loom Ten men and women acted as 
subjects, but only three of them tried the 9 per cent mixture, and only 
one was able to take the 8 per cent condition 

The breathing apparatus and the apparatus for responding and 
iccoiding the responses are shown m Tig 9 The subject sat facing 
the small window, thiough which the color stimuli weie exposed, one 
at a time He responded by pressing the keys corresponding to the 
colors exposed The rate at which he responded determined the late 
at whicli the coloi stimuli appeared, through an automatic electrical 
control The lecoidmg of the responses was made on a wax kymo- 
graphic papei tape, so that each separate reaction time could be later 
lead 111 millimeteis 

Each subject was fiist put through a senes of four practice trials 
of fl half hour each, on foui separate days, in which he breathed 
normal an from the bag and responded manually to the coloi s This 
practice senes was designed to accustom the subject to the apparatus 
and to give him training in responding manually to the colors until 
further impiovement from practice would prove negligible during 
the actual experimental sessions 

The conditions of the exponment are shown in the following chart 
A control condition with normal an was run before the first experi- 
mental condition and again after the last one, so as to give a com- 
paiative basis foi judging the degree of effect of the anoxia conditions 
To avoid the effects of suggestion, the same apparatus was used for 
inhaling noimal an during the control condition as for breathing the 
air of low oxygen content The subjects weie unable to tell the differ- 
ence Each subject went through the seven conditions in a different 
order, so that practice was equalized for all conditions in the group 
averages except IV and V 

No motive other than the desire to obtain true results was intro- 



CoVDITiON 


15 MiSVTES 


'Fiubt Umat Hook 

Coatrol I Subject breathes normal Conlinucs normal 

air, wlnlo attmg at rest air \\ hiio \\oi king 

-Expenmontal I Subject breathes 16 Breathea 16 jici cc nt 

per cont oxygon and rests oxygen and woi ks 

Expenmenfal 11 Subject breathes 12 Breathes 12 per cent 

per cont oxygen and rests Cxygon and \\ orks 

Experimental HI Subject breathes 10 6 Breathes 10 6 per cent 

per cont oxygen and rests oxygen and u oika 

Exponmontal IV Subject breathes 0 Breathes 0 per cent 

per cent oxygon and rests ox>gen and works 

Experimental V Subject breathes 8 Breathes 8 per cent 

per cent oxygen and rests oxygon and works 

Control n Subject breatheg normal Breathes normal an and 

an and rests works at task 

ducecl into the work situation, since the subjects weie sophisticated and 
mature enough to respond in a constant manner to this motive 
The results wcie both qualitative and quantitative No subjective 
or objective effects appeared until the oxygen peicentage xvas i educed 
below 12 pei cent, and no maiked effects showed above 9 pei cent 
At this point muscular rigidity of the fingeis, tremois of hand and 
head, and loss of orientation and sense of tune occiuied* Tlicie was 
a tendency to peisevciate at tiie task even when told to stop and also 
some giggling over nonsensical trifles, indicating a bieakdown of 
emotional contiol A narrowing of the field of attention was evident, 
and lapses of mcmoiy oacuirad All but one of the subjects who tried 
the 8 per cent condition lost consciousness 

The quantitative crjteim used weie response time, numbei and 
length of blocks, and total block time measuied in average leaction 
tunes Errors weie found to be so infiequent that they could be 
Ignored It can be seen fiom Pig 10 that the 15 per cent oxygen 
condition was, in all respects, as efficient as the normal contiol, but 
that below this point there was a positively acoeleiated inciease in 
frequency and length of the blocks for equal i eductions in oxygen 
concentration Response time, however, when conected by eliminate 
mg block time from the calculation, lemamed constant The effect of 
anoxia, therefoie, is to exaggerate the blocking tendency and to lower 
efficiency m this mannei. Figme 10 shows the increase in aveiage 
total block time with succeesive leductions m oxygen content ot 
the air 

Studying Distractions and Environmental Influences 

The problems confronting the investigator of environmental influ- 
ences on beha\ioi aie aimilai to those outlined for physiological agents, 
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but tile task of conti oiling them is even gieatei, becauae the subject’s 
lesponsiveness to then influence is so much moie dependent on atti- 
tude, suggestion, motives appealed to, and individual diffeiences 
lesulting fioin past experience A good illustration can be taken 
ham the woik on so-called distiactois 



Under what conditions will an extraneous stimulus, introduced mtb 
a mental work situation, exeit a detrimental effect on performance, 
and undei what conditions will its effect be neutial or even beneficial? 
Studies of the effect of music played during woiking houis have pro- 
duced highly ambiguous results, because of tlie complexity of the 
stimulus factors involved and the oontradictoiy influences exerted 
Foi example, a smgle disci ete sound stimulus may exert a facilitative, 
neutral, or inhibitive effect on a response, depending on what fiaction 
of a second beforehand it occurs When continuous or intermittent 
disti actors such as a metionome beat, a bell, oi a continuously driven 
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tuning folk are used during serial reactions, the effects MiJl be facdi- 
tative 01 inhibitive, depending on whether the clistiactois aie syn- 
chronised With the senaJ leactions The stiength of tlic disti actor 
18 important also, and the lesult will bo fuithoj affected by whether 
the distractoi acts on the same sense oigan or oigans as tliose involved 
in the task itself Equally important is adaptation, because it has 
been found that even the most complex mechanical distiactois 
lose their effect after a short time [9] Moreovei, most peisons dis- 
play a tendency to exeit c\tia effort to oveicume the inhibitivc effect 
of distractors in a work situation and thus to overcompensate, with a 
resultant facihtative effect on perfoimance 

The pioblem of the long-time veisus immediate effects of an agent 
18 nowheie so important as in studying the influence of distiactois, 
because the evidence fium studies of metabolism, muscular tenseness, 
and othei cnteiia of energy expendituie indicates that woik under 
distractions requires a greater output of eneigy unless and until 
adaptation to the distractoi a has taken place Such adaptation is 
more difficult with variable or intermittent distractoi s Sooner oi 
later, cumulative effects should appear in the objective perfoimance 
Jevfi] 

With music, two other elements besides sound and rhythm must 
be taken into consideration affecti'vity and meaning Persons fond 
of music aie moie definitely affected than persons who aie indiffoient 
to it Familiar music exeits a greater effect than unfamiliai The 
tempo and style of composition are important Records of heart 
action and blood pressuie indicate a heightened tonus accompanying 
the playing of martial tunes and a depressant effect of funeial music 
[14] In the light of such complex lesults, no generalizations are 
safe, and no experiment designed to establish a general law of lela- 
tionship could possibly be successful 


Studying the Influence of Motfves and Incentives 

The discussion of motivation in Chapter 13 makes unnecessary any 
further elaboration of the topic here, except to point out that it la 
an ever-piesent factor m every woik situation, whether or not it is 
under control Since it is impossible to eliminate this variable, the 
alternative is to contiol its strength and diicction and if possible to 
measure and account for its mfluence One very important point to 
recognize is that motivea and xncentivea aie distinct and independent 
variables There is no assurance that, by supplying the appropnate 
incentive to workers, one can guarantee the presence of the corre- 
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Bpondmg motive and thus inbiiie increased effort The value of a 
reward diffeis with the individual, it may be zero in a person who 
lacks motives to which it can appeal Is competition more effective 
than coopeiation as a social incentive to workers? Mailer [ 17 ] 
found that the answer depended on the kind of coopeiatmg group, the 
degree of group sohdaiity A situation designed to excite competition 
may fail to do so with some individuals We hardly are justified 
m assuming that the lelative stiength of the competitive motive has 
been tested expenmentally unless the incentive situation has actually 
had some appeah 


SUMMARY 

The expenmental study of efficiency m performance can be 
approached fiom two diffeient angles, the analytical and the integia- 
tivo The first approach leads to expeiiments of the type exemplified 
by the quantitative study of the knee jerk, the simple, choice, and 
serial voluntaiy leactions, facihtative and inhibitive sets, and the 
ergogiaphic lecord of isolated muscle groups The second approach 
18 concerned with the woik of the integiatcd oigamsm It is mainly 
occupied with the effect of continuous performance on efficiency in. 
the pcifoimance being studied and m i elated activities These effects 
aio studied at thiee levels the objective output, the organic energy 
expendituie, and the subjective feeling-tone, and are expressed 
graphically in the cuive of woik Recuperation from these effects is 
studied through the curve of recovery Finally, tlie study of the 
influence of factois extianeous to the task itself, whether physiological 
or withm the environmental setting, requnes the use of special methods 
to overcome suggestion and the subtle motivational influences to which 
the human leactoi is peculiarly susceptible 
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Chapter 17 


Investigating and Appraising 
Intelligence and Other Aptitudes 

Herbert S. Conrad^ 


Theie is no more hard-lieaded or practical queatioc to be asked 
about nn individual than, “What can he do?” In this connection the 
distinction must be recognized between nptttudo and achievement 
Aptitude rcfeis to potential achievement, oi the ability to acquire or 
improve prohciency upon exposure to appiopuatc oppoitunity and 
training, achievement, of cowsc, refeis to completed accomplishment 
Wje differences exist among individuals in most (it not all) aptitudes 
Of achievements, and definite diffciences exist also withm an indi- 
vidual — •thus, a peison high in intelligenco will not likely bo equally 
high in, flay, mechanical oi musical aptitude Especially in young 
people, the measurement of aptitudes is of tiemendous practical 
importance; and it is with aptitudes, lathei than achievement, that 
this chapter is concerned. 


VARIETY OF METHODS 

The problem of appraising intelligence and other aptitudes is as old 
as man himself In general, of all the methods which may be 
employed foi this purpose, the method of tests is the most practical, 
convenient, and widely applicable Other methods, however, deseive 
at least passing notice One obvious method is to give the individual 
an extended trml on the job — whether the job be tliat of studying m 
college or learnmg to be an au plane pilot This method is usually 
too time-consuming and costly to lecommend itself, it works well 

ITeohnifal Consultant, College Entrance Examination Board, Pimcoton, New 
Jersey. 
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only when the individual is successful Anothei method sometimes 
used foi appraising and nnestigating aptitudes is the methofl of 
'tatingB based on obseivation oj jyreviom behavioi Thus, an indi** 
viduahs aptitude loi college woik might be infeued fiom ratings 
obtained fiom his high-school teachers, the testimonial of a pievious 
employer also belongs in this same class of appraisal Such ratings 
or testimonials suffer fiom many diaw backs Some lateis oi tosti** 
monial wiitcis arc accuiate, but othcis are notr— and one is hard put 
to know whethei any paiticulai latei is “on the beam” oi off One 
lemedy for this defect is the “averaging out” of eirois by the use of 
latmgs fiom many lateis, but even heic there arc difficulties Thus, 
m ratings of students’ intelligence, unpopulai students aic hkcly to 
be lated doum, whereas “teacheis’ pets” aic rated up Another com- 
plexity lies in standaids the standaids of rating used by urban 
teacliGis may not agice with those by lural teachers, the standards 
of public school teacheis may not agree with tho«^e of pjivnte-school 
tcacheis, etc Under favorable ciicuinstances ratings can be a useful 
adjunct to tests, but not a piactical and convenient substitute The 
disadvantages and inconveniences of ratings appear also m connection 
with records, with the additional disadvantage that records too often 
farl to supply the specific, detailed, quantitative information that is 
needed Piobably the best lecoids for the investigation and appraisal 
of intelligence are the recoids of students’ giades oi marks m school, 
these aie sufficiently available and valuable to deserve recognition and 
use The experience check list gives tlie individual an opportunity 
to indicate, by check marks on a systematic list, tlie nature and extent 
of hie educational and occupational experience The trouble with the 
experience check list is that it generally fails to provide reliable evi- 
dence concerning how successful the individual was in his education 
and experience Fmally, theie is the method of the interview This 
method is better adapted for the appraisal of social qualities than of 
intelligence and other aptitudes Among other handicaps, the inter- 
view method is extieraely expensive 


APTITUDE TESTS 

Because testa are the pimcipal method for the practical appraisal 
of mtelligenco and other aptitudes, it is to tests that this chapter is 
devoted For purposes of broad overview, we shall first consider a 
general classification of aptitude tests accoiding to (1) type of task, 
(2) type of response, (3) type of admmistration, and (4) type of 
scoring 
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Type of Task 

(a) The task can be novel oj learned, thus, to try to match a pat- 
tern of led and gieen lights by manipulating two pedals and a “sticV’ 
(as in the Complex Cooichnation Test admmisteicd in the Army Air 
Forces) is a novel task, to prove that one can lead, understand, and 
apply the content of a punted passage (as m a leading test) is a 
leainecl task (6) The task can be appaiently smnlai to the acconi- 
pliehment one is aiming to predict oi apparently dissimilai Thus, 
tlie Complex Cooidmation Test (Fig 9) seems to cal] foi responses 
rather sinnlai to those made by a pilot m flying a plane, and it has a 
useful degree of validity foi the selection of airplane pilots, but this 
same test has also pioved useful in helping to predict the success of 
airplane navigatois, whose woik, ofthand, appeal b to call foi leactions 
different fiom those m this test [H] (c) The task may be of the 

paper«and-pencil variety, or it may icqune specially constuicted 
apparatus Foi sevcja) piactical leasons, papei-aiid-pencil tests aie 
generally piefeiable to apparatus tests In the fust place, it is genei- 
ally expensive both to constiuct the apparatus and to prepaie the 
duplicates needed to test a laige numbei ol individuals in a limited 
time, second, it is sometimes tioublesomo to maintain satisfactory 
comparability between diffeicnt machines (this was a constant source 
of annoyance in the Aimy Air Foices psjchomofcoi testing piograin) , 
thud, it IS geneially impossible foi ono person to adniinistei the test 
to a large group of individuals at a time, and finally, special tiainmg 
or skill IB fiequently requiied in the econng of lesponses to apparatus 
tests If, however, the appaiatus tests make a significant contribu- 
tion to validity, the extia cost and inconvenience may be consideied 
well justified {d) The test may make heavy, small, or no demands 
upon speed by the testee, according to whethei the tune allowed foi 
completing the test is brief, genoious, oi unlimited 


Type of Response 

(a) In paper-and-pencil tests the individual’s lesponse is usually 
restricted to choosing among foui or five “muitipie-chuice’’ alternatives 
Sometimes the natuie of the task requires tliat the individual be given 
gieatei leeway eg, a test of ''fluency^^ lequirmg the individual to 
write as many four- letter woide as he can that start with p and end 
With r (pear, poor, peer, pmr, etc) (b) The i espouse may unolvc 
recognition, recall, calculation, or special ingenuity. An example of 
the “ingenuity^^ type of item is as follows 
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A mothci eeut lioi boy to the ll^el nnd told him to bimg back exactly 7 pints 
of water She ga\c him a 4‘-pjnt vessel and a 9-pmt vessel Show me how the 
boy can meusuic out exactly 7 pints of vvatei, using nothing lint these two vessels 
and not guessing at the amount You should begin b> filling the 4-pint ■ves^'el 
firat Rcmemboi, you have a 4-pmt vessel and a O-pint vessel, and you must 
biiug back exactly 7 pints ^ 

In the following item on ai itlimetical icasonmg, the answer must fiist 
be ^^calculated” befoic it can be “lecognized ” 

If 1 pound of oranges = 2 to 4 oiangea, what is the least posaible weight, in 
pounds, of 3 dozen oiangeB?^ 

(a) 6 (b) 9 (c) 12 (d) 16 (c) 18 

(c) The 1 espouse may be of the ^‘performance^* type, as in the Complex 
Cooidmation Test 


Type of Administration 

Papei-and-pencil tests generally lend themselves well to group 
administration, apparatus tests cannot, m general, be administered 
to laige gioups at one tune Administration to laige groups is, of 
couise, tastei and less expensive The advantages of tndivKhial admin- 
istration aie that it permits closei control of the subjects attention 
and motivation and affords opportunity lor detailed obseivation of 
the sub]ect*8 behavior, these advantages are important in the testing 
of young childien, of '^problem** cases, and of peisons examined at 
the 01 del of a court So-called “self-admmistenng** tests require a 
minimum of supervision, the directions being quite simple and printed 
on the test 


Type of Scoring or Grading 

(a) The scoring of i espouses to aptitude tests is typically objective, 
although occasionally more or less subjective Thus, in the Wechsler- 
Bellevue test [23] the subject is asked to state orally what is meant 
by various words, such as ‘‘nuisance** or “ainnoiy**, the scoring here is 
only slightly subjective, since there is seldom any doubt or disagree- 
ment among examiners as to whether a given response should be 

2Fiom L M Teiman, Condensed Guide for the Stanford Revision of the 
Dinet-Simon Tests Houghton MifBin, 1020, p 31 

SFiom Bulletin of Information for 1946-1947 y College Entrance Examination 
Board, p 11 


601 



oredited On the other hand, the scoring of an English composition 
test (taken as pait of a batteiy foi college admission) is definitely 
subjective, since examiners, even iindei the best of conditions, lathei 
frequently fail to agiee on the scores oi grades they assign (6) 
Scoring can be done by hand or, \\itli tuie-fafse and niuUiplc-clioice 
tests, by machine [t4] The sconng machine most widely used reqimes 
that the individual indicate his answers on a special answei sheet, ^\lth 
a special ^^elcctiographic’^ pencil, the maiks by this pencil serve as 
conductois of electricity, which opeiates the machine 


CORRELATION, CRITERION, AND VALIDITY 

The concepts of con elation, ciitenon, and validity are basic to this 
entire chaptei A positive corelaUon is said to exist between, say, 
intelligence tcstscoies and college grades if those who get high intelli- 
gence test dcores also tend to get high giades, and^ conversely, if those 
who get low intelligence test scores tend to get low grades “PerfeeV^ 
or ^‘coinplefcc^^ positive con elation exists if each indiviclimrs college 
grade falls at a point coiiesponding exactly to his intclligenco test 
score Perfect couelation la nevei found m actual fact, although it is 
occasionally approximated The degree oi extent to which coirelation 
exists is expressed by the “coiielatum coefficient'^ Pci feet positive 
correlation is expiessed by a con elation coefficient of +I 00, complete 
absence of correlation— m which the individuare standing in one trait 
01 cJiaracteristic is quite unpredictable from Ins standing in another 
— 13 expressed by a coirelation coefficient of 00 Intoi mediate values 
of the coirelation coefficient, such as 70, leflect intei mediate degiees 
of congelation An example of conelations of 100, 90, and 50 is 
shown m Fig 1 The con elation coefficient is somewhat peculiar, in 
that a coirelation of 70 does not mean scvcnty-liundrecltlis of a 
perfect correlation, roughly and in geneial, 70 may be regarded as 
appioximately 70^ oi ,49 of a perfect correlation Similarly, 60 
may be regarded as appioximately 00^ or 36 of a perfect correla- 
tion, etc 

By a crUBTion is 'meant the ability or performance which the apti- 
tude test aims to predict, and validity is the degiee to which soojes on 
the ciiterion fere successfully predicted by the aptitude test Validity 
IS frequently expressed m terms of the correlation between the test 
and the criterion Thus it has been found [8] that the validity 
coefficient (correlation coefficient) between college-entrance intelli- 
gence tests and freshman college grades is about 62, although the best 
tests, under favorable circumstances, reach a validity of 60 oi even 
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66 A distinction must be made between the piaginatic or op&ra-- 
tional criterion (the cntenon actually employed in a validity study) 
and an ideal oi pci feet cnteiion, which may, of course, be expected to 



Fig, 1 Correlation coefficients of various magnitudes (After P M Symonds, 
Maasuremenf m Secondary Educafton, 1 929, p, 246; by permission of The 

Macmillan Co ) 


diffei to some extent horn the opeiational cntenon The greater the 
difference between tlie operational and the perfect criterion, the less 
clearly mterpietable a validity coefficient becomes 


ILLUSTRATIONS FROM PUBLISHED TESTS 

Listed below are samples fiom several published tests For greater 
familial ity with the wide variety of tasks found in aptitude tests, the 
student is urged to examine as many different tests as he can and to 
attempt to answer a fan propoition of the items m each test 
Kumeious additional illustrations fiom published testa are available 
in refeiencD 10 Test bibliographies aie furnished m refeiences 3 
and 13 

The following aie some examples of items used to test intellectual 
aptitudes. 
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VOOAElJtAUY 


Do not malign him lebuke eject alnnder molest support 
2 0 What does jable mean? 

3« Think of the word that fits the definiUon Then inaik the first lettei of 
that woid 


The theft of htemiy or aibbtic ideaa of anotliei la teimcd 
0 P R U W 


Antony JIB 

4 ^ Whafc tuo woids hdow ftie opposite, oi approximately opposite, in 
meaning I 

lesiliGnt perspicacious salient inconspicuous 


WOIU) FCtJBNCr 

6® Wiite as many words as you can whioli begin with con 

6 ® Each biank below is to be filled m by a word whicli, if used alone, would 
complete the sense of the sentonco 

The horse pulled back 

SlMUiAlUTlEfl 

7 In what way are a knife blade, a penny, and a piece of wire alike? 
Analogies 

8 Sawdiist 18 to wood as flour is to 

(1) broad (2) giam (3) mill (4) ground (5) sand 

9^^ What words m a pan below aie related to each other m the wirae wav 
ns the Italicized pair of woi da at the beginning? 

rest jatigu^ diploma graduate relaxation lecreation 
pinnacle mountain laziness obesity 
praise dejection 

^ From I Qansl, Ai chives oj Psychology , No 230, 1930, p 49 

^From D Weehsier, The Meosuteinenl oJ Adult Intelligoncef WiiliamB and 
Willuus. 1039, p 102 

0 From L L Thuifitouo and T G Tluirstone, Psycho logical Examination fo) 
College Freshmeiit 1041 Edition, Amencan Council on Education, p 6 

7 Fi om Bulletin oj Jnjormalton jor College Entrance Examination 

Board, p 9 

8 From L L Thui’stone and T G Thurstone, Psychometnc Monographs, No 2 
University of Chicago Press, 1041, p 73 

® From D M Johnson and F Reynolds, Psychological Record^ 1941, p 184 

10 From L M Terman, Condensed Guide for the Slanjord Revision oj the 
Btnet-Simon Tests, Houghton MifQm, 1920, p 24 

i^From L L Thurstone and T G Thurstone, Psychological Examination jor 
Coll^QQ Freshmen, 1941 Edition, American Council on Education, p 14 

li^From Bulletin of Information for 1946-1947, College Eutronco Examination 
Board, p 9 



‘Problem:” question 


10 My neighbor lins been ha\mg queei \nitois Firnt, a doctor came to his 
house, then a lawyer, then a mimstu (pi ear her oi priest) hat do >ou think 
happened there? {1/ response la simph ”a death,” ehetk up b> asking what the 
Jaw>Tr came foi ) 

Verbal absurdity 

11 Maik F if the sentence is foolish, mmk S if it is *5ensible 

S F Mrs Smith has had no childien, and I understand that 
the same waa true of hei mother 


RBAaONlNO 

12 Haste makes waste, and waste makes want Tiierefore a man never loses 
by delay True or False? 

13 iSupposG that All haystacks aie typewriters 

All catfish are typewntei-s 

Then is it true or fake that AH haystacks aic catfish 

Directions test (measuring comprehension, memory, and speed) 

14 When I say ^‘go,” draw a line tin ough every even numbei that is not m 
a circle and also through every odd number that is in a ciicle with a letter Gol 
(Allow not over 26 seconds ) 


fig 2 Directions test* 


Sentence completion 

16 One of the most pre\alent erroneous contentions is that Argentina is a 
country of agncultural resources, and needs only the ani\al of 

ambitious settlers 

(1) modernized (2) flounslung (3) undeveloped (1) wamng (6) limited 

13 From L M Terman, Cotideiued Qinde jot the Stanford Revision of the 
Binei-Stmon Tests, Houghton Mifflin, 1920, p 25 
i-^From L L Thurstone *iDd T O Thu i stone, Psychoinelnc MonoyrapU, No 
2, University of Chicago Press, 1941, p 47 
i^From L L Thurstooe, Psyckometne Monographs, No 1, University of 
Chicago Press, 1938, p 48 

i^From C S Yoakum and R M Yerkes, Army Mental Tests, Henry Holt, 
1920, p 69 

From Bulletin of Inionnation for 1946-1947, College Entrance Examination 
Board, p 10 
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Proverbs (ina> bo considered a variety of reading tent) 

16^® Which one of the six atatementa below explains the following pioveib 
A bird m the hand is worth two m the bush 
a It 18 easier to carry eggs m two baskets than m one 
b A man of action has a loud voice 
0 Tame birds are more expensive than wild ones 

cl It IB better to be content with what you have than to loso it m gambling for 
more 

e. It 13 safer not to nsk all on one venture 

f Whftt a man does le a better indication of his cliaracter tiian what he says 


Key 

☆ 0 Q] A 


©☆□*A^onA* 

□^☆AOO^AnO 

☆OD^nOAO*^ 


Fig 3 DIgibsymboi substitution test 


RBlAniNO 

17 The typical reading teat presents a full paiagraph (or sonoa of paragraphs), 
followed by multipIc-choice questiona The exainineo is usually allowed to lefei 
to the reading matenal when attempting to answei the questions The queRtions 
may refer merely to matters of fact, oi may lequiie application of the Saotfi 
given in the paragraph, or may requno mfoienco, etc 

Learning tests 

18. Apart from paragraph reading, few biief learmng testa havo proved of value 
in mtelligenoe testing An exception la tho ^^digit-symbol eiibatituUon” test^^ 
In this toflfc the subject records a niimbei inside each geometneal figure, m accord- 
ance with the ^‘key"^ at the top (aeo Fig 3) This teat may be given with a time 
limit, m which case the score la the number of geometrical figuica coiTootly filled, 
or the score may be tho lime required to finish (with a deduction foi ciroia) 

18 From A S Otis, Olu SelhAdmmtBtenng feat of Mental Ability Higher 
JSxaintnattoiij f'orni B, World Book Company, 1022 

i^JFrom R S Woodworth and F L Wells, Psychological Monographs, Vol 13, 
No, 5, WU 
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AriTHMFTICAL DK ^U^IFRICAL ITLMri 

10-^ If a timn f^oes 160 >ar(ls m 10 seconds, how many feet does it go in one- 

fifUi of a second? 

20^1 Wliat nunibei is niic^ing in this senes? 


21 - 


30 X 18 
? 


15 16^1 16 16 16% 14% 

0X3 

(ft)M {h)l (c)6 (d)36 (c)42 


Performance or NON-\EmnL tests 

At the younger age le\elR, especially the preschool ago levels, objects and pic- 
tures loplace words and numbeis ns the vehicle foi the mtellectiml processes in 
mtolligonce tests At these levels wliat appears to the adult os meie motor 
mampulntion reqiuiing only a inmimum of intellectual effort serves successfully 
for intelligence testing The following me a few illustrations of some of the 
noD-vei bal oi peiformance lesLs of iziteJIigenee Some of these teats Imve a fair 
degree of ^alldltv at highei age le\ols up to and including the adult 


Draiving a raan 

22 The child la requested to diaw a man This test lias been standardized by 
Goodenougli [OJ, who piovides detailed directions for ficonng 



Pfg. 4» Porfeus maze test 


Maze tent 

2323 Tlie examinee places his pencil at 3 (see Fig 4) and is told to show 
what ‘hoad” he would take to get out of the maze mtkout crossing any printed 
lines and ivUfiout entering any closed 

20 From D Weehslei, The Measurement of Adult Inielhgence, Williams and 
Wilkms, 1939, p 162 

21 From J TifTm and C H Lawshe, Adapiabthiy Teat, Form A, Science 
Research Associates, 1042 

22 From Bulletin of /n/or?noiion for 1946-1047 j College Entrance Exammation 
Board, p 10 

28 From S D Porteus, Guide to Porleua Maze Test, Vineland Tmimng School, 
Vineland, N J, 1924 

S07 




Other perjormance testa 

24 The following aie descriptions ol two tests from the Perfoimoncc Scale of 
the Wech&loi -Bellevue test [23] Ca) In the ^^ictme-arrnngcment tcst/^ the sub- 
ject la piesented with a disauanged series of pictures The problem is to arrange 
the pictures in proper sequence so that they tell a story (h) In the ‘^block 
design teat” the pioblem is to produce certain presenbed designs by arranging 
aiiteen colored cubes 

It may be of interest to observe that the total scoio from the five ^^perfoiniance” 
teste of the Wechslei-Belle\ue Intelligence Scale correlates with the total scoie 
horn the five rei bai teats of thi5 scale to tho extent of 07 [23, p 120J This is 
lower than usual for the con elation between two liaUes of an intelligence test, 
there is no doubt that the poifomiance pait nieasuies somewhat different abilities 
from the verbal In general, perfounauce teste are loss highly carreJated than ere 
veibal teste with the usual enteua of mtelhgence, such as giades in academic 
courses in school 

Memory 

25 Memoiy tests mcludo such tasks as lepcating a set of eix numbers after 
heaimg them once, repeating a set of numbers backward, lopcatmg a sentence, and 
lepeatmg the thought of a brief paiagraph Non-voibal memory tests include, 
foi example, the leproduction of an asymmetiical geometric design after a brief 
(10- or 16-sccond) exposure AU tliese aie examples of tnmedialo memory 
Delayed memory has not ordmauly been used m teats of mtelhgonoe, an excep- 
tion occurs m the Babcock [1] scale for moasuiing mental dotonoration m the 
aged 

The following sections will present (less extensively than for inteU 
lectual aptitudes) illustrative items oi tasks from tests designed to 
measure peiceptual, cleacal, esthetic, psychomotoi, and mechanical 
aptitudes Below aie given thiee teats of perceptual aptitudes. 

Identical forms 

26 In the test below, the task is to discover quickly the one figure in each 
row which is exactly the same as the first figure m the row 
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Fig 5 Identical forms test 


2*1 !From L L Thuratone, Psychometric Monographs, No 1, tTniveraity of 
Chicago Press, 1938, p 40 
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Gottschaldt houre^ 

27 The Gottschaldt figures test, though largely perceptual, ig also related to 
mtelligcnce^ 



Fig 6 


Look at the adjacent Fig 6 This figuie is contained in each of the drawings 
iti Fig 7 Find it m each drawing, and then mark it heavily m pencil Mark 
only one figure m each drawing 



Fig 7, Gottschaldt figures test 


MacQuARRIB PtTRSUTT TEST 

28^0 Figure S consists of ten knee which run across the diagram from left to 
right Follow each line across from left to right Hecord at the right the numbei 



Fig. 8 Pursuit test 


fit^From L L TJairstone, -4 Factorial Study of Perception^ University of Chi- 
cago Press, 1944, p 76 

26 Adapted from L L Thm-stone, Peychometno Monographs, No 1, University 
of Clucogo Press, 1938, p 41 
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which beloJigs to the hue Line? 1 nnd 2 haio nhendy been dono Do each of 
the remaining lines 

In parsing, it may be mentioned that tests of distance poiorption me needed in 
which the subject, while himself in motion, la observing one oi moio moving 
objects Motion pictures piovide a simple means for depicting the motion of 
objects, achieving simultaneous motion m the c\ammce dining the test situation 
IB more difficult 

Clerical aptitudes aie rcabonably ^^cll mcasuicd by teHta of intelli- 
gence, except in the lower, moic loutine giades of cleiical woik A 
common supplement to intelligence tests is the name- and number- 
checking teat 

Name and number-checkino test 

2927 Compare the two lists of names or mimbeis, making a check inaik when 
the two names 01 numbers to be compared aie alike 

66273804 66273984 

52738457 8 y/ 627384578 
Now York Worl d \/ Now York Wmld 
Cargill Qiam Co Ciiigil Giam Co 

It is difficult to subolassify psychomotor tests, because such tests 
generally show low mtercorrelations with each othei (around 30 01 
below) A brief description of a few psychomotoi tests follows 

FlNaER-DEXTERiry TF8T 

30 2B The subject 13 provided with a trny contaimng gmall metal pegs, and With 
a board containing numerous small holes The subject's task is to icmovo three 
pegs at a time from the tray, and place all thiee together into a hole m the board 
This 18 repeated until all the holes have been filled 

Two-hand coordination test 

31 20 A metal stylus is grasped in each hand The nght and left hand simul- 
taneously tap different areas of two metal plates, m a nou-symmotric pattern 
The score is based on speed ot correct pciloimance ol the task 

Complex coordination test 

32 The Bubjeot matches green and red lights, by simultaneous movements of 
feet (on pedals) and hand (on ‘^stick”) (see Fig 0)^ 

27 From D M Andrew and others, i)ftn7wiiola ] ocaUonal Teal for Clerical 
Workers, Psyohologioal Oorpomtion, 1033 

Prom J O'Connor, Personnel Journal, 1026, pp 370-382 
^BFrom L L Thurstone, A Factorial Study of Perception^ Uiuveisity of Chi- 
cago Press, 1944, p 60 

BO From Psychological Bulleltnj by Staff, Pfwchological Research Umt No 2, 
and Staff, Department of Psychoiogy, Research Section, School of Aviation 
Medicine, 1944, p 314* 
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Fig 9 Complex coordinatiori test (Courtesy of Professor A W, Melton ) 


Most tests in the field of esthetics are measures of esthetic taste 

AbT JUIKIMtNT 

33 In the Meior-Seasliore Art Judgment Test,®^ the subject is aaked which of 
two pictures (that tliffei only in ^ome detail) he prefers, numerous pairs of 
pictures are presented, and the subject scores ^*hjgh” af his preferences agree 
\vith those of a group of exiaerts 

Musical aptitude tests 

34 The musical testa prepared by Carl Seashore place the emphasis on apti- 
tudes, mthor than on esthetic taste These tests are on phonograph records 

Pubbshed by the Bureau of Educational Research and Service, TJmverslty 
of Iowa 

82 Obtainable from C H Stoeltmg Company, Chicago, III 
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Typical of othci’fi 13 the te^t for tontil memory, m which the Bubject is prcsontecl 
sYith two seuos of notes in succession The task is to ropoit whethci the second 
eeiies is identical with, or diflerent fiom, the first Numerous such tonal eeiica 
are, of couiae, included m the test 

Mecianical aptitude tests aie oidmaiily classified as tests of spatiai 
visualization, assembly tests, psychomotoi tests, mechanical compre- 
liension, mechanical infonnation, and shop matlicmatics The leading 
of pa?agiap}]s of technical niateiial 3i> also sometimes employed in meas- 
uimg mechanical aptitudes 

Spatial visualization papfr form-doakd test 

35 The paper form-board test, as its namo implies, is a paper-and-pencil 
means for measuring spatial visualization In the test illustrated below , sb the 


^ 0 

CJ 


task IS to indicate which figure at the iiglit could be formed by fitting together 
Cwithout gaps or ovei lapping) tho pieces at the lelt The pieces may be turned 
mound 01 turned over m any way to make them fit together 

Spatial visualization tudee-di men signal form board 
3fl Ciawfoid’a Test for Tn-dimensional Structural ViBualizationS-t jg 
example of a thrce-dimensioual Jorm boaul for the meabureraent of spatial 
visualization In this test, vauously shaped parts are fitted into a base board 
contaimng various depressions and piojectioiis A good score seems to demand 
rapid, accurate consideration of thiee dimensions at once This test is repoited 
to correlate highly (above £0) with giades m engineciing drawing, but poorly 
wth oidmaiy tests of ixilelhgence 

Assembly tests 

3T (o) In the Minnesota Mechanical Assembly Test, 80 the subject ib presented 
with tho paits of a common mcchamcal device, 0 ^, a bicycle bell, and asked to 
put the parts together Superior poiformance m this typo of teat appears to 
call for good spatial perception, and may be facilitated by geneial fainilmutv 
with common mechanical devices (6) In tho Purdue Mechanical Assembly 
Test, as reported by Tiffin, “the mochamama involved are ontiroly now to all 

<Speci7ni?n Questions Jrom U & Civil Service Examinations^ United 
States Government Printing Office, 1045, p 10 

J B Crawford, Journal of Applied Psychology, 1940, pp 482-402 
8*5 Consult D G Peai’son, and others, Tho Minnesota Mechanical Abiltty TestSf 
Umversifcy of Minnesota Pieas, 1030 
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Fig 10 Paper form board test 






tcsteo^^” [21, p 70], tins tonds to f litinnate thr pioblom of diffoiential famiJiauty 
witli tl\e test matciial 


MeCJU^-ICAL COMPBEHENSJON THST9 

Tests of mechanical compiehension aie t 3 ''picany pictorial or diagiamraatic, 
irc|iuiing the application of ph-v&ical punuples to situations not specificallv cov- 
eied 01 omphnsizLd in oidmaiv higli-sthool plnsics courses The following is 
an illiistmti\e item 

38"^^ Which of tho two ilhiBti atioiis js the more hkcly jactuie of a train week^ 
A B 



Fig 1 1 Mechanical comprehension test Item 


Mechanical information tests 

Tests of mechanical information are included m meafliires of mechanical apti- 
tude on tho tlieory that tlioso who pick up such intoimation ha\e moie aptitude 
m mechanical mattcis than those who do not This theory, however, probably 
does not hold \cr> well for uiban bo’vs, among whom oppoituiutiea foi mechani- 
cal Icaining mav be limited The following is an item that was used by the 
Aimy All Foiccs in one of its testa 

30*^7 A metal band put around the handle of a tool m order to strengthen it 
IS called a (a) ferrule, (b) shim, (o) coating, (d) node, (e) clevis 

Shop m^thluatics 

40 Items in diop mathematua (o^cr pimple aiithmetic, mensuration, and tho 
reading of tapes, gagcb, etc 

It should be emphasized that the pievious illustrations are meiely 
a small sample ot available types ot test tasks The inteiested student 
IS refeired to the text by Greene [10] 

soFiom G K Bennett, Mechanical Comprehension Test, Form AA, Psycho- 
logical Corporation, 1941 

St Prom The AAF Qualifying Exaimnation, edited by Frederick B Davis, 
United States Government Piintmg Office, 1947 
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ESSENTIALS OF APTITUDE-TESTING METHODS 
Job Analysis 

The fiist requiiement m aptitude testing is a careful functional 
analysis of the job oi peifonnance foi which tlie test or set of tests 
is to bo constructed In many of its aspects tins analysis is neceasaiily 
a judgmental affan, but it is by no means mcicly an *^arn>chaii” 
imdeitaking When possible, inloimation is obtained by fiisWiaud 
obaeivation of and paiticipatiun in the job Infoimation is also 
obtained by intciiogation of individuals on the job, especially those 
who are skilled or e\poit m pcifoimancc, by consultation with otheis 
who have had opportunity foi extended observation, and by study of 
the relevant scientific liteintuie about the job oi performance 
Because the specific functions involi'cd in almost any porfoiinance — 
whether it be leaining aiithmetic, learning the details of a filing sys- 
tem, opciating a lathe, oi flying a plane — are quite numeious, it is 
helpful to oiganize those functions into vaiious bioad categoiies A 
suggested sot of catcgoiies, wdiicii confuims to cm lent usage and think- 
ing in the field of aptitude testing, is as lollows 

I 

1 Bcnsoiy abihiica 

2 Physiuvl abilities 

3 Perceptual abihlie«j (including speed of pmception) 

4 Psychomotoi abilities unehuiing dexterities and athletic abilities) 

6 Mochamcal abilities 

0 Clerical abilities^s 

*7 Intellectual abilities (including meinoiy) 

8 Esthetic abilities (musio, graphic ai ta, etc ) 

9 Speed m diffeient fiincUoua 

In addition, it should be iccognized that vauous poisonal-social char- 
acteiiBfcics, which aie beyond the scope of the present chaptei, may 
have an important beaimg on the individual’s success 
It may be observed, in the list above, that the plwal form Jias been 
used consistently The leason is that an individual is seldom charac- 
tenzed by a uniform level of aptitude within any given field Ho may, 
foi example, piove more dexteious in manipulating tweezeis than in 
pel forming a oomphoated and delicate assembly job, oi ho may be 
much stronger in verbal intellectual functions than in mathematical 

88^'Cleucal abiUtiee” are a composite or combination of Bomory, perceptual, 
mtellectual, and psychomotor functions In addition, attitudes favorable to 
speed and accuracy m cleiioal work aie very important Separate listing la given 
to clerical abilities because tJje tests in thie field are for tlie most part addressed 
to clerical abilities as such, mtlrei tlian to the component functions 
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FailuiQ to lecognize such diffci cnees within the mcli\idual is a sciious 
mistake ^^Intelligence” is piobably inoic homogincous than any of 
the other bioarl classes of ability mentioned above, but even here it 
is usually better to speak and think m tcims of the components into 
which intelligence can be analyzed, than m tcims of a single “intelli- 
gence ” Statistical methods have shown that intellectual abilities can 
be classified into at least the following sepaiate functions verbal, 
nuineiioal, spatial, veibal fluency, leasonmg, and lote ox “associative’’' 
memory In addition, mental speed can be identified [7, 22], although 
it is not likely that an individual’s speed m one type of function is very 
highly con elated with his speed in anothei It must be added that 
analysis of the full legister of human aptitudes is yet fai from complete 


Planning the Test 

A satisfactory test is latheicd by planning and nurtured by expeii- 
raental and statistical studies Test planning is guided by many 
consideiations, among which the following aie clcaily of dominant 
impoitancG 

a WmVT IS THE NATURE OF THE CRITERION? Is the ciiteiion com- 
plex (divisible into several lelatively independent components), oi is 
it unitaiy? If complex, the test plan should either envisage a battery 
of tests or else aim definitely to measure only one specified aspect of 
the ciiterion, if unitary, the test plan can obviou^^ly be simpler Foi 
example, fljnng a plane piobably calls foi a moie heteiogeneoue, less 
highly mteicoi related gioup of aptitudes (intellectual, motor, and 
mechanical j than does, say, the study of social science, it follows that 
a wider variety of tests is piobably needed Joi the selection of air- 
plane pilots than of social-science students, 

b Is THE TEST TO SERVE AS FART OP A BATTERY OP TESTS? If SO, 

it 18 impoitant that the test should not duplicate, i e , not coi relate 
highly with, the other tests of the batteiy for if it does, it will make 
no significant contiibiition of its own to what the other teats already 
accomplish Thus the addition of another verbal test to a college- 
entrance test already containing many verbal tests would probably 
not be efficient 

c What kind op aptitude does the test aim to measure? Past 
expeiience indicates, for example, that intelligence tests should genei- 
ally include a large piopoition of verbal items or tasks, wheieas 
psychomotor tests generally lequiie the use of appaiatus of one sort 

80 Except m tests designed for very voung children or for foreign-born adults 
who have not acquired facility in English 

61 S 



or anothei (m this field papei-and-pencil tests alone arc definitely not 
adequate] 

d Is THE test to be tfSED FOR ^^DIFFERENTJAIy PREDICTION”? 
Recently a healthy interest has developed in diftercntial piediction — 
the use of test scoies to pi edict whothoi, and to what extent, an indi- 
Mdual can succeed bettei m one field than anothei, eg, engmeeimg 
versus business aclministiation Any prediction is fallible, but when 
two predictions are involved (one for success in engineering, the othei 
for success in business adnunistxation), the chfteience between the two 
predictions is generally moic fallible than eithei prediction alone It 
follows that tests which aic to be used in diftercntial piediction must 
be 7n6ie accurate than tests which will be put to less exacting use If 
a ‘^rehability coefficient” of 90 is set as the standard foi oiclinaiy 
aptitude tests, then a definitely higher coefficient, say 95, may be con- 
sidered the minimum acceptable for an aptitude test to be used in dif- 
ferential prediction (The ^^reliability coefficient” is discussed m a later 
section ) 

e Is thPj information from the test to be considered tentative 
AND AUXILIARY, OR FINAL AND EXCLUSIVE? II the foimci, a shoiter 
and less elaborate test may be adequate, since picsmuablj the test 
acoreg will be verified by a subsequent test (oi by some other means) 
and interpreted in the light of supplementary infoimatioq 
f What degree of importance attaches to the use of the test? 
Aptitude testg aie, m general, used either for guidance oi selection 
The more impoitant the decision involved, tlie more important it is that 
the test be carefully constructed, of adequate length, and tlioroughly 
validated Thus a test foi college entrance has to be longei and more 
thorough than, say, a test foi the sectioning of children into a ^ffiigh” 
versus a “middle” gioup in reading 

g To WHOM WILL THE TEST BE ADMINISTERED? PapCl-and-penOll 
tests are generally inappropriate for preschool children or seriously 
retarded adults In general, group testa cannot be successfully admin- 
istered to young children who have not yet leained to lead well, to 
uncooperative oi resistant “pioblem” children, oi to adults who are 
seriously abnormal (retarded, deteriorated, or psychotic) 

h How MANY INDIVIDUALS WILL BE EXAMINED ON THE TEST? The 
Army and the Navy, during the last wai, had to examine millions of 
men As a lesult, it was necessary to select or construct reasonably 
short paper-and-pencil tests that could be administered m large groups 
1 How MUCH time Can Ue demanded op the individuals who will 
TAKE THE TEST? Many aptitude testeis, if given a free hand, would 

^®The best-known of the paper-and-pencil teats aiming to measuie psycho- 
motor functions is the MacQuamo Test for Mechanical Ability [2, pp 37-38] 
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icquiie 2 01 3 days of te&ting time fiom each individual In many 
school situations and in the aimed foices duiing peacetime, this is both 
feasible and dean able Oidinaiily, however, the time available foi 
testing IS moie limited 

j How QXJicKL\ 13 THE TEST NEEDED? Papcr-and-peiicil tests 
can geneially be constructed and tiled out much moie lapidly than 
apparatus tests 

k Lastly, what resoitrces are wailable foi test construction, test 
admmistiation, Jest sooimg, statistical analysis, determination of 
nouns, and final inteipictation of test lesiilta? If lesouices aie limited, 
it may be better to plan a shoit ^‘bcieening’’ test, lathei than a more 
lengthy or definitive mcasuie 

As mentioned m a pievious section, the tasks piesented by an apti- 
tude test can be eithei novel oi Icained The iisk in using learned tasks 
IS that some individuals, tluough no fault oi lack of then own, may 
have suffeied fiom severely limited leaining oppoi turn ties Despite 
this theoietical iisk, learned tasks are fiequently a successful part of 
an aptitude test, citlici because most individuals have enjoyed auffi” 
cient oppoi tunity foi learning, oi because only individuals without 
aptitude fail to cicate oi make use of opportunities foi learning Thus 
the \ocabulaiy test can, m ordinal y cii cumstances, serve successfully 
as pait of an intelligence test It is laiely desirable, however, to use 
only leained tasks m an aptitude battery and the planners of an apti- 
tude teat must make a ^‘woiking guess” to what extent leained tasks 
should be included 

Anothei piobJem in planning is to decide whethei to measiue (n) 
analyzed-out elements of ability, (b) whole functions, oi (c) some- 
thing in between these tw’^o extremes As an example of a test meas- 
iiiing a wdiolo function w^e might mention a test of paiagiaph reading 
In such a test, the individual is not oidinaiily measured separately foi 
peiceptual i espouses, knowledge of vocabulaiy, etc all the functions 
of leading aie measuied at once The Complex Cooidination Test 
(Fig 9) IS an example of a test measuiing, not specific elements, and 
ceitainly not the w^hoJe function of flying an airplane, but something 
in between The pitch-discrimination test, used in tests of musical 
aptitude, IS an example of a test measuiing a fauly narrow, elemental 
ability The choice between the measurement of elements veisua 
lazger functions will depend on the comparative success of these two 
types of measurement m the hands of pievious investigators, on the 
adequacy with which the larger function can be analyzed into its ele- 
ments, on the degree to wduch the elements lend themselves to meas- 
urement, and on tlie intercorrelation between scores on the elements 
(the lower the coirelation, the more important that each element be 
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mcasuied separately) An ad\antage of the mcasiuemcnt of elements 
IS that it pi ovules information svifficicntlv detailed to mtUcate why a 
peison fails oi succeeds, a disadvantage is tliafc tlie nieasuieinent of 
numerous elements lequues numeioua tests and much time Ideally, 
one would ineasuie both elements and ^v holes At tho present time 
the nieasuiement of elements is laigely leatuctcd to scnsoiy functions 
and reaction time 

In paper-and-pcncil tests containing inoie than one kind of item, 
e g , an intelligence test containing \acabulary items, sentence-comple- 
tion items, and aiithmotical reasoning item's, it is necessary to decide 
whether the items should he aiianged in tlic foim oi subtests (each 
subtest containing only a single type of item), or in spiral oinmbus 
foim (one type of item following the othci, in icpcated cycles, with 
the items becoming more difficult as one piogicsscs thiough the test) 
There is little einpincal evidence concerning the compaiative advan- 
tages of tlicse two foims I) sepaiate scoies foi the different kinds of 
Items aie desiied, it as muio convenient to oiganize the items into 
aubtests 

Still other matteis that reCfune consideration in tho planning of a 
test are 

a Fohm op items on t\sks lylcntion lias alieady been made 
of the difteiing suitability of appaiatus veisus pcncil-and-papei 
tasks foi measuiing chffcient aptitudes, and the impoitant practi- 
cal advantages of the papei-and-pencil form In papoi-and-pencd 
aptitude tests the multiple-choice item is the type most commonly 
employed. 

h Difficulty of the test In general, ynost of the items or 
tasks m an aptitude test should be of approximately '^60 per cent 
difficulty foi the gioup of individuals to whom the test will be 

A more exact statement would take into account (a) the factor of guessmg, 
by which an individual executes some items or taaks correctly despite lack of 
knowledge oi ability, and (6) the factoi of speed, by which an mdi\idual may 
fad to leach some items or tasks whith he could have executed coirectly, had he 
been allowed sufficient time The speed factor can be ehminated by lengthening 
the time limit sufficiently This is not always piactical, iiowevei, because of 
the limited time available for testing, moieover, it is possible that exceaaively 
long (as well as excessively shoit) time limits may advet'Boly affeot test validity 
lu multiple-choice items, the factor of guessing may be taken lUto account by 
a formula for ^‘coiTectiou for ohance^^ 


Corrected score U ■ 


J5L 


where R -» number of items answered right, number of items answered 

wrong, and n number of altei natives m each item For a test composed of 
two-choice Items (such as a true-false test), n 2, and the formula reduces to 
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given, a few items or tasks should bo harder, and a few should be easiei 
Some veiy easy items may be u<?ed at the beginning of the test in 
order to get the examinees oft to a pleasant start, but in geneial, 
neither vciy easy nor veiy haid items aeive eflicicntly m disci mu- 
nating among the majoiity of the cases 

c Length of the test and numbeb of ^^scokablh units ” In 
planning the length of a test, two basic considerations are (a) the 
degiee of accuiacy of ineasuiement that is desiied, and (h) the time 
available for testing hen time is severely limited, it may be neces- 
sary to abandon the ineasuiement ot '‘wholcs^^ (^hicli piovide lela- 
tively few scoiablc unitb) and result to the measurement of elements, 
thus, a IS-minute leading test will geneially yield unicliable results, 
whereas a 16 -mmutc vocabulary test containing iiumeious sepaiatc 
items will geneially yield highly leliable acoies Of couise, a vocabu- 
lary test does not measuie exactly the same aptitude as a leading test, 
and it IS an open question whetliei the test constiuctor should insist 
upon getting the time needed fui his ongmal purpose Frequently, 
howevei, tlie limitation of time is inherent in the situation and 
inescapable 

d Time Limits If the test is to be admmiateied by poisons com- 
paiatively untiained in testing, it is desirable that the time limits be 
set in terms of laige, tamiliar units, such as quarter-houis oi, at the 
finest, 6 -minute intervals The shorter the time limit, the gieatei is the 
pioportional error if somewhat too little oi too much time la allowed 
by the test admmistratoi In general, the time limit foi the byout 
of a test should be longer than that foi regulai admimatiation, because 
it IS dean able, in the tryout, that all oi neaily all indixiduals answei 
all Items, including those ot tlie end of the test Althougli the time 
limit for the legulai admmistiation of the test can be kept the same as 
m the tiyout, experience suggests that a shoitci time limit results m 
more efficient use of the available testing time, in the sense that moie 
tests can thus be ciowded into a given testing period Expeiimental 
study 38 needed to deteiinine to what extent aptitude tests can be 

^ Thus if, m a 100-itom true-false test, the a\orage indmdiial answei ed 
75 per cent of the items right and 26 pei cent of the items wiong, the coireoted 
average score (which m this enso is also the conccted average difficulty of the 
test, or the ooirected a\erage item-difiicuUy) would bo 76 — 25 ^ 50 per cent 
It should be noted that W m the formula refeia to the munber of items actmlly 
anaivered wrong, it does not include items that weie omitted or never leached by 
the examinee 

^2 For certain special purposes a departure from the 60 pei cent rule is desir- 
able Thus, m the examination of scholarship applicants, where the purpose is 
to differentiate only among the very supeiior, the test should contain a much 
larger pioportion of difficult items 
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'^speeded" by shoit time limits wtliout causing significant loss in test 
validity 

e SconiNG The two chief pioblems undei scoiing are> fiist, 
whethei to “conect foi guessing’’ by penalizing individuale foi wiong 
answeiB, and, second, whcthci to obtain one oi moie scores fiom the 
test The cmrent practice, in general, is to avoid truc-lalse items^ 
which aie especially subject to guessing-effects, and to allow a loason- 
ably ample time limit, bo that a majority of the examinees can genu- 
inely attempt each item, instead of being forced to make a senes of 
quick guesses towaid the end Undei these cucumafances the quick 
and simple scoiing proccduie^ — ^l)ased simply on numbei light, without 
any collection for guessing — becomes pistifiable Whethei more than 
one scoie should be obtained fiom the test depends on whether the 
teat IS composed of homogeneous or disparate tasks 

Consideiable space has been devoted m this section to the planning 
of the test, because m practice the final ver<^ion of a test is geneially 
rathei closely similai to the fiist The best tests aic a pioduct of 
sopliisticated planning, clever and cunscientioug constiuction, and ade- 
quate trial Each of these steps calls foi knowledge, experience, and 
insight 


Test Consiruction 

Teat construction gives concrete exniesaion to the test plan The 
vanous steps in test construction aie piesented biiefly below 
a Preparation of items on tasks Appieiiticeship, example, 
and experience seem to furnish the chief guides to aptitude-test con- 
struction Detailed and explicit lulcs have been drawn up for the 
prepaiation of achievement-test items [12, 16], but these lules fie- 
quently require basic modification foi aptitude-test pui poses Such 
aptitude items as aie constiucted must, of couise, conform to the test 
plan, with respect to type of content, foira, aveiagc level of difficulty, 
range of difficulty, etc A moderate sxiiplua of items is constructed m 
order to peimit the selection of what appear to be superior items, and 
the replacement of items subsequently rejected in the process of editing 
or on the basis of actual trial 

b Organization of items into bubtests or cycles If moie 
than one kind of item oi task is included in the test, the items are 
generally organized into subtesta oi cycles (see page 618) In any 
case the items are arranged in oidei of estimated difficulty, fiom easy 
to most difficult, this is essential, since otlierwise an individual might 
spend a great deal of time working on difficult items tliat appear early 
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in the test, while failing, thiough lack ot time, to attempt latei, easier 
items that he could have answcicd coiicetly The niunbei of items 
included in llie tt'^t oi -jubtest dc|)en«ld on ‘jcveiai factois, which must 
be estimated eithei in adi ance oi on the basis of previous experience 
(1) the impoitancc oi value of the test, (2) the numbei of items needed 
to obtain a reliable, dependable seoie, and (3) the ‘'attiitioii” clue to 
lejectuui of items as a lesult ol editing oi actual tual 

c Editing The puipose of editing is to examine the test ciiti- 
cally, eliminate delects, and make iinpiovements Such questions as 
the following aie considered m editing (1) Does the item or task 
appeal valid, i e, will it incasuie what the test oi subtest is intended 
to measuie? (2) Is the item oi task unambiguous? (3) Is the 
scoring key coriect, i e , is the supposedly collect answer oi peifoim- 
ance the only one which is justifiable oi piopei? (4) Does the test 
hit the appiopriate difficulty level? (5) Is the test coiicct m all 
formal aspects (giaiiiinar, punctuation, spelling, and format)? 
Finally, all othei aspects of the test aie edited, particulaily the diiec- 
tions for administiation and the diiections for scoimg (sec below) 
d pRFPARATtON OF TEST MANUAL A lliotto of tllC Acljutant 
Geneial’s Office in Woild War II was "The manual is part of the 
testf” Tile manual includes directions foi adinmi>'teiing, timing, 
and scoiing the test Unless these diiections are cleat and adequate, 
iinifoimity is impossible, with resulting mjuiy to the validity of the 
test and injustice to individual examinees A wcll-prepaied manual 
insuies that examinees will bo (1) warned not to spend too much time 
on any one item, (2) advised to attempt items id consecutive older, 
(3) told whether to guess at items concerning which they are uncer- 
tain, and (4) given as cleai an indication as possible of the relative 
iinpoitance of speed veisus accuiacy 
e Preparation of answer sheets and scoring keys In roost 
modem papei-and-pencil tests answers aie lecoided not in the test 
booklet but on a sepaiate answer sheet The piepaiation of the test 
manual, answer sheets, and seoimg keys constitutes the final "con- 
stiuctive" steps in the preparation of a test Additional steps include 
pieparing copy foi the piintci and checking piintei’s pioofs to insuie 
that the final test is free fiom erioi 


Tryout, Statistical Analysis, and External Validation 

Once an aptitude test has been constructed, the prime question is 
How can we be sure that the test is any good? If it is granted that 
the test was well planned, and the plan cleverly executed, the question 
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fetill whethei we liavc on our hands meiely a woll-planncd 

and clevei mistake Evidence on the woifch of a teat js obtained by 
tiial, statistical analysis, and external validation These piocesses 
are desciibed below 

Tbial Tlie tryout of a test may be divided into tbiee steps 
(1) sampling, (2) administeiing, and (3) acoimg Uiidei sampling, 
two essentials of method are First, the sample subjects chosen ioi 
the tiyout must, so fai as possible, be sxmilm to the gioup for whom 
the test IS devised Thus, if the tost is devised foi bioad use thiough- 
out the country, it would be risky to select subjects from only one 
school system or only one region of the country, since such a selection 
might not be leprescntative of the total gioup for whom the test is 
designed Second, the sample must be large, if dependable findings 
are to be obtained No uniform lulc can be given for the minimum 
acceptable size of the sample, since this differs according to vaiious 
technical consuleiations (such as the natuic and extent of the subse- 
quent statistical analysis of the data) Good piactice frequently sets 
about five hundred cases as the minimum 

It goes without saying that the administration of the tnal test must 
be as caiefuily and unifoimly conducted as that of the final test 
Uniformity m diiections to the examinees is essential, and other con- 
ditions of the tiial — such as seating, illumination, and acoustics — 
uiust be as consistent as possible The administration of the tnal test 
presents a good oppoitunity to observe whether the directions are 
easily and con ectly understood, and wdiether the test stimulates inteiesfc 
and elicits coopeiation In older to obtain infoimation regarding 
the pi Opel tune limit foi the test (oi time limits for the eepaiatc paits 
of the teat), the examinees may be asked at stated time mteivals to 
encircle the numbei of the tost item on which tliey arc working 

A special lequircment of an aptitude test la that it be only slightly, 
if at all, affected by diffeiences in piactice or experience For this 
leason it is dcsiiabie to leteH at least a part of the tryout sample 
about a week or two after the original testing, in order to deteimme 
the degree to which practice effect operates Practice effect on most 
Verbal intelligence tests is generally practically negligible, but this 
seems less true foi tests of psychomotor and mechanical aptitudes. 

If it IS intended to discover to what extent individuals are stable or 
consistent fiom one occasion to the next m their responses to the test, 
it IS again neceasaiy to retest at least a portion of the total sample, 
but this time at an interval that will discourage memory or practice 
effects (say 2 or 3 months) With an Immature sample tlio interval 
must not be so long that growth effects become sufficiently great to 
obscure the findings on response consistency 
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The scoimg of a modem aptitude test is ordinal ily a routine matter 
In tiial tests administered with a time limit, it is becoming moie cus- 
tomai;y to note tJie point in the test beyonri winch the mclmdual 
failed to attempt any more items To the extent that this point 
vanes fiom one individual ta the next, it is likely that diffciences m 
S'peed among individuals played a part in determining diflcrences in 
test scoies 

Statistic u. analysis The data collected by the tryout are fan 

game for statistical analysis — an indispensable part of the method of 
appiaismg tests Statistical techniques aie used aI«o in determining 
the ^^exteinal validity” of the test but moie of that latei 
The first step in the statistical analysis of test results is to prepaie 
a frequency distiibution of the test scoies tJus ig nothing moie 
than a listing of the numbei of subjects eaining each score on the 
test Figure 12 is the giaph of a frequency distnbutiou of scores made 



Score 

Fig 1 2 Distribution of scores on genera! classlflcatlonTest 

by 600 naval recruits on the United States Navy General Classification 
Teat [4] , the lowest possible score on this test la 0, and the highest 
possible 13 100 It will be observed that (a) the greatest concentra- 
tion of oases in Fig 12 occuis at the middle scores, and (6) the 
number of cases decreases as one proceeds from the middle to the 
exti ernes of the distribution Fiom the graph it is clear that (c) in 
the sample tested theie is plenty of ‘"top” or ^'ceiling” to the test, i e , 
very few cases make perfect oi nearly peifeet scores, similarly, there 
is plenty of '^bottom ” All three of these characteiiatics are generally 
considered favoiable in a mental test 
A fundamental requirement of a test is that it measure consiUently 

If the test IS composed of subtosts, a frequency distribution is, of course, 
required also for the scores on each sub test 
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^vhatever function it is measuring There aio generally two souiccs 
of inconsistency (a) response eno?, i c , fluctuations in the icsponsc of 
the individual to the same or equivalent items fiom one occasion to 
anothei; and (b) content incomistency, ie» lack of homogeneity in 
tho content of the test Thus a vocabulary test that included the 
woids hemoglobin (tiom biology), timdgeon (fiom swimming), coiie- 
lation (from stati&tics), and paradox (from genei al reading) would 
obviously be lacking m content homogeneity Response erioi la com- 
paratively seldom measured as buch, mainly because this typo of 
inconsistency is gencially consideied only a imnor disturbing factoi 
in most aptitude tests The over-all conaistency of measui ement 
by the test is usually detei mined by means of the reliability coefjicient 
The simplest and most common method of determining the reliability 
coefficient is as follows The individual is scored first on all tlie odd- 
numbered items of the test, and second on all the even-munbered 
items The coirelation is calculated between individuals’ scores on 
the oc(d-niimbered items and their scoics on the evcn-numbeied items 
This odd^cven coii elation shows to what extent the odd-numbered 
half of the test yields results similar to those of the even-numbered 
half To find out to what extent the whole teat would agree with 
another (hypothetical) similar test, a statistical coriectian, called the 
Speaiman-Brown collection, is applied A good aptitude test is 
generally expected to have a lehabihty coefficient of at least 90 The 
best intelligence tests, requiring an hour oi somewhat less of woikmg 
tune, geneially meet oi surpass tins minimum Tests used in mdustiy 
and business are tiequently very brief (16-20 minutes) and aie likely 
to fall definitely below ftO m reliability 
At least two other steps are cairied out m the statistical analysis 
oi a test Usually a test is composed of two or more subtests, and the 
test itself may be part of a battery of othei tests The correlation 
must be calculated between the subtests, and also between the test 
and the other teats of the battery In subtests designed to measure 
different facets of a given aptitude, it is geneially considered desiiable 
that the intercorrelation be fairly high (about 70-* 86), but not so 
high that one eubtest merely duplicates the other Correlations 
between different teate, however, should be as low as possible, bo that 

This process is explained and illustrated m any standard textbook on 
peyohological statistics The student may refer to Reference 16 

What seems wanted isi a lahablc total score, derived from meostires of 
varying but not disparate functions Thus a verbal score based on 100 opposites 
itema would be relmble but nanow, n verbal score babcd on, say, 30 opposites, 
26 sentence complotions, 25 analogies and 20 provorbe might be preferable The 
ultimate check on the comparative merit of the two total veibal scores rests, 
of Qourse, on the correlation with tlio criterion (see pages 526-529) 
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each individual test will make Its own oontnbution to piedicting 
subsequent pei foimaiice, with a minimum of functional oveilap oi 
duplication between the different tests 

Finally, theic is the task ol studying the mdiiidual items in each 
test Ol subtest For each item it is customary to determine (a) its 
difficulty (in the sample tested), and (6) the corielation between 
Buccesb on the item and acoie on the bubtest of which it is a pait 
(If the test IS not oigauized into subtests, the coi relation is calculated 
between success on the item and score on the total test ) The diffi- 
culty (oi lathei the ease) of an item fa usually determined simply by 
finding the percentage of peisons who answered the item correctly 
A slower proccduic, piefeiied by some because of its piobably greatei 
validity, IS to deteimme fiist the numbei of subjects who attempted^^ 
each item, the difficulty level is then defined as the percentage of 
successful attempts Thus, if 400 indniduals attempted an item, and 
250 answered it correctly, the difficulty (oi rathei the ease) of the 
item would be at the 250/400 or 63 pei cent level The coi relation 
betw^ecn each item and score on the subtesb of which the item is a 
pait IS usually detei mined by the statistical technique ol bisenal cor- 
relation (or some modification tbeicof) Tins is a technical procedure 
wdiich cannot be discussed heie (see leference 15) In selecting items 
foi the final fonn of the test, those 'with a low^^ bisenai coi relation 
aie icjected, on the giound that they aie not measuring what the 
othei items m the subtest aie measming 

Only a few items with very low oi very bigli difficulty values are 
retained in the final test In geneial, no item is retained \vhich is 
passed by fewer than would be expected to answei it coiiectly by 
chance Thus^ m a four -choice item, where 25 pei cent of the group 
could answei an item coriectly by chance, no item would oidinanly 
be retained which is answei ed conectly by fewer than 25 pei cent 
of those who attempt it 

External validation The chief problem in gold raining is to 
find the gold, and the chief problem m the exteinal validation of a 
test is to find good, valid, specific external criteria “Success on the 
job'' IS seldom the best ciiteiion, because no test can be expected to 
measme all aspects of success, moreover, such a geneial and usually 
ill-defined concept as success on the job is itself, in most cases, 
extremely difficult to measure objectively and adequately Peihaps 
the Bust lule in test validation is that the test must be appraised m 
1 elation to the paiticular puipose for which it was designed If, foi 

10 An individual la considered to have attempted a given item if he answered 
it or if he answered any item beyond the one m question 

Tlie definition of vanes somewhat pragmatically, accoiding as one 

has a large or a small supply of items with higher bisenal correlations 
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(ixample, its purpose is to pi edict ii stuclent^s aveiagc academic per- 
toimance in coilege, it is no valid cnticism of the test that it fails to 
nieasuie the student’s interest in hxs noilc, or his peisonal-social ac^just- 
ment5 m college, oi his money income 5 ycais after giaduation It 
^vould be fine, indeed, if some wonder test weie devised '^hich could 
nieasuiQ '^all things for all men There is no such test Good testing 
means moie testing, m the aenso that many tests are hkcly to be 
needed to make the various appraisals, diagnoses, and predictions that 
ai 0 wanted 

Besides asking the question, “Good for wliat?” it is necessary to 
ask, ^‘Good fui whoni?’^ Tims, an intclhgenre test standardized on 
individuals tv ho have had a “noimal” educational and cxpeiiential 
backgiound, ^\ould have only limited value oi require special inter- 
pietation li applied, say, to canal-boat childien not attending school, 
or to “submaiginal” mountaineers with httlc schooling and seriously 
lestiicted intellectual expenence Similaily, the lyiinnesota J^Iechani- 
cal Assembly Teat could not be vahdly applied to persons With 
unusual experience m tlie assembly oi rejiair of common mechanical 
gadgets 

The external ciiteiion usually employed in validating intelligence 
tests IS eithci school grades in academic subjects, oi scoies on achieve- 
ment tests in academic subjects, oi both In line witli the curient 
tendency to distinguish between verbal versus numcncal oi mathe- 
matical aptitude, it 13 desirable also to obtain specifio measuics of 
school achievement, such as grades m English and histuiy (veibal 
subjects) veisus giades in mathematics Of couise, both giades 
and achievement-test scores i effect a student's inteieat, effoit, appli- 
cation m a couise, as well as his intellectual aptitude, to this extent, 
grades and achievement-test scoies must be consideied inadequate as 
ciiteiia It would be nioic appropiiate, m the validation of intelli- 
gence tests, to exclude students who, by their own admission and the 
testimony of their teacheia, failed to apply themselves to their 
course work. 

In general, the con elation between scoies on a good, reasonably 
long intelligence test, requiring 1 or 2 horn a foi admimstiation, and 
average college giades is about *60, when achievement is measured 
by good objective tests of adequate length, the correlation between 
mtelligence-test scoies and average college achievement rises to about 
60* The correlation with achievement in elementaiy or high school 
18 generally appreciably higher than with achievement in college 

Cue reason for the lower correlation with college achievement is the greater 
restnction in range of ability among college students Such restnctiou m range 
tends to lowei the validity coefficient of a test in somewhat the stune fnehion as 
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For test'5 of aptitudes other than intelligence, tlje cnteiia coinmnnly 
used include quantity of output, quality of output (accuracy, fiec- 
dom horn eiiore, imperfections, oi spoilage) , fieedom fiom accidents, 
job kno\^ ledge, tiainabiiity, learning ability, or '‘general aptitude'^ on 
the job, permanence in the po'^ition (as contiasted 'ssith dischaige for 
inability) , and use in salaiy oi lank These ciitcim aic obviously not 
of equal meat, foi example, peiinanence in the position is not so valu- 
able a datum as quality of output Ideally, of course, one would make 
use of multiple, specific, objective ciitena In business and mdustiy, 
supervisors^ and foi emends ratings constitute the usual cnteiion, but 
such ratings tend to be of veiy uneven quality, depending on degiec 
of familiarity \\ith the individual’s work, the standards of the super- 
visor or foieman, and many other factors Sometimes tlic test scores 
of two ext) erne g)oups (one known to be definitely faupeiioi, the othei 
definitely infeiioi) aie compared, a large, reliable difterentiation of 
the two gioups js evidence that the test is valid Sometimes, again, 
aiiothc) test is employed as the cri tenon foi a new test Such ''circu- 
lar validation” is occasionally justifiable, especially if the test 
employed as a criterion has been well validated, and it a nioie direct 
ciiteiion can be obtained only with lung delay and gieat expense 
Ultimately, test validity must rest on coiielatioii wath diiect cuteiia 
which aie thenisehes of acknowdedged soundness and validity 

Tlie best studies of test validity undeitake to deteimine not only 
the coiielation of a test with specific, well-defined aspects of the 
criterion, but also the unique contnbutwn of the test Thus, although 
a clerical test may be valid m itself, it may add little to what is 
already known about an applicant through inspection of his record 
in a well-managed commercial high school 

Another quality which is being increasingly required of an aptitude 
test JS that it be serviceable for dififeiential prediction Educational 
advisers, peisonnel manageis, and the Aimy and Navy all are in need 
of instruments which will validly indicate whether John Smith is 
better suited for course A or course B, pOBition M oi position N, 
specialty X or specialty Y 

The whole piocess of trial, statistical analysis, and external valida- 

restnction m the range of diflTereucea among contestants at a beauty show tends 
to render the judges^ decision moie difficult and, m consequence, less valid 
Probably another reason is the greater ‘^^specificity” of both intelligence and 
achieveniGnt at the college level, le, the fact tliafc different intelligence subtests 
correlate lower with each other at the college level than at earlier levels, and 
similarly th6 fact that grades m different coiuses cou elate lower with each other 
at the college level Students interested in pursuing this subject are recom- 
mended to the works edited by Monroe and Conrad respectively (See general 
references under Suggested Reading at the end of the chapter ) 
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tioi\ 1ms as its mam puipose the collection of evidence answenng the 
questions Is this test piactical (vith icspcct to adiumistratiun and 
scoring)? Is it valid^ Thcie ik, ho\\evci, one otlici impoitant pui- 
pose to achieve a bcttei undei standing ot what the tests and thou 
items measuie, and also a bettei undei standing of the natuic and 
limitations of the cnteiion employed In illustiation ol the lattei 
point may be cited a study of gi ades m a ceitain tiade school 
Although the emphasis of the school was supposed to be on the actual 
opoiation and lepnii of equipment, it A\as found that an entiancc tost 
ol aiithinetioal leasomng coiiclated higher uith mstructois* inark^^ 
than eithei an cntiance test of mechanical aptitude oi one of mechani- 
cal knowledge Fuithei imcstigation sliowecl that the mstiuctois 
weie allowing giades in shop mathematics to have an inoidinate influ- 
ence upon final term maiks 

Lest It appeal that the piocossos of tiial, statistical analysis, and 
external validation lepresent moiely foimal lequirements gloufied bv 
academic theoieticians, we piesent below a list of the items in the 
fiiat and Inst published forms of the AAF Qualifying Examination (pre- 
paicd for the jnelimniaiy selection ol flymg officei-jiersonnol m the 
Army Air Foices [6]) It can be seen at a glance that the last test 
diffeis maikedlv iimn the fiist As moie validity data aio accuimi- 
lated and additional insights gamed, it is quite likely that still fuithei 
changes — in content, adniimstiation, timing, oi scoring — wall be made 
in this test The following quotation on the validity of the AAF Quali- 


Numbbr of Itfma 


Type of Items 

Initial Teat 

Last Toat* 

General vocabulaiy 

46 

0 

Toehnical vocabulary 

0 

6 

lioacUng comprchonflion 

16 

16 

Contemporaiy affairs 

30 

0 

Pilot aviation informatiou 

0 

20 

Driving informmtion 

0 

10 

Plying infomiatioti 

0 

10 

Vocational and avocational information 

0 

6 

Hidden figures 

0 

25 

Meolifliucal comprohension 

16 

66 

Practical judgment 

15 

5 

Mathomatics 

30 

0 


♦This was the last form publislied diiiiag tho hoi Seven tjpes of Uems not 
listed m the table were employed m forma of the examination hotwoen the fiiat 
and the seventoentb 

fymg Exaimuation may be of inteiest at this point “ in an ex- 
perimental gioup of 1,003 cBSontially unselected applicants foi pilot 
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tiainmg, 35 per cent ui the 598 ^\ho obtained at least a pa^^bing mark 
[on this test] giaduatod fiom advanced pilot tiaimng, 'while only 
11 per cent of the 405 men \^ho failed tu attain a pa'^^sing maik on the 
same test giadiiated fiom advanced pitot tiaming” [6, p 231] 


Revision 

At any point aftei the tryout the test may undeigo revision It 
IS, ot com fee, one oi the main ]>ui poses of the tiyout and subsequent 
statistical analysis to icveal the weak spots ot the test and to suggest 
po^sibilitiGo foi impio\eraent Revision may aftect the dnections, the 
time limits, the individual items, the oiganization at items into sub- 
tests, the sequence ot items vithin the subtests, the average difficulty 
of the test, the lange of difficulty of itenio in the tobt The test is 
usually shortened in levision thiough the exclusion of items or sub- 
tests shown to be mfenoi oi defective 


Norms 

Suppose that John Snntli is infoimed that he Im^ answered cor- 
lectly 80 itenla of a veibal-aptitude test, he may fairly ask, “Is that 
good?'^ Such a quebtion illustiates the need for no)ms Noims aie 
obtained by adimnisteiing the test to a huge sample of individuals 
similar to those foi wlioin the test was devised The most common 
type of norm foi aptitude tests is the peicentilc noim, this simply 
states what peicentage of cases (of a given age, oi in a given gioupj 
falls below a paiticulai scoie If, foi example, 00 pei cent of gradu- 
ating high-school seniois made a veibal-aptitude scoie below 80, then 
Smitli^s “percentile scoic” (m icfeiencc to giaduatmg high-school 
seniors) would be 90, which is oidinaiily consideicd quite good Of 
couise, Smith’s peicentile scoie in a gioiip of college students would 
be lowTi than 90, because the competition is keenei m the college 
group, le, the aveiage \ ei bal-aptitude scoie is higher This illus- 
trates the iciativity of noims — winch, incidentally, is one of the basic 
leasons foi the necessitj^ and usefulness of noims 

A type of nonu winch takes into account tw'o variables at the same 
time IS the intelligence quotient Heie the individuars peifoimancc 
on a mental test is expressed m teims of “mental age*' (thus, a child 
wdiose perfoimance ib at the level of the typical 12-year-old would be 
given a mental age of 12) , and the mental age is divided by the pei- 
son’s chronological age to yield the intciligence quotient or IQ The 
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foi inula foi the IQ is 


;q-ioo(§) 

wheie MA refers to mental age, and CA to chronological age Thus, 
in oiir example^ if the child with the MA of 12 wcie only lO years 
and 2 months old, his IQ would be 100 (144/122 inoutlis), oi 118 
The accornphshmeTit quotient (AQ), which compaics educational 
achievement with intellectual ability, is obtained in a mannei similai 
to tlie intelligence quotient E^ceechngly acewate measmes of both 
educational achievement and intelligence aie necessary if an accurate, 
dependable deteimmation of tlie accoinplisliment quotient is to bo 
obtained In passing, it should be pointed out that not all IQ’s (or 
AQ’s) aio conipaiable, an IQ of 120 on one test may not have the 
same meaning as an IQ of 120 on anothei test The disci epancy 
arises mainly fioin differences in tho detailed natuie of the functions 
measured by the diffeient tests 

At tho present time it is faiily common to plot a giaph of all the 
test Bcoiea made by an uulmdual (tho original oi “raw'* scores being 
flist converted, oidinaiily, to pcirentile scoics) Such a graph is 
called a test “profile ” In interpreting a test profile, not only the 
level of the individuars scores is taken into accoimt, but also differ- 
ences between scoies Norms of the cbffeiences between scores arc 
larely available This appeals to be a seiious lack iii our aptitude- 
test resources, 


Combining Scores from Different Tests or Measures 

It is common foi the scores on a test to be combined with infoima- 
tion from othei sources, m order to obtain the best possible prediction 
of an individuals peifoimance on the criterion If properly executed, 
sucli a combination of incasmes is never less efficient than the most 
valid single measuie in the combination, and sometimes is appreciably 
more efficient If pomly executed, however, it is possible tliofc tho 
additional information, instead of supplementing or strengthening a 
good test, will serve merelj^ to diluto or weaken it The problem is 
one of weighting, le, of seeing that each teat or measure is allowed 
to exert its proper influence or weight in the total or composite score 
If all the data arc quantitative, the technique of multiple coi relation 
[16] is applicable, except in unusual ciicurastances, and supplies the 
pi Opel weights One then multiplies the score on each test oi variable 
by its proper weight and obtains the sum of these weighted scoies, 
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this Weighted sum will con elate lughei ^Mth the cnterion than a sum 
obtained with any other set of weights Sometimes, howevei, the data 
are not all quantitatively e\piessed Thus, when an inteiMewei 
evaluates a pei son’s test scoies m the light of the subject’s “backgiounrl, 
education, tiaining, and intciestB/’ foimally quantitative measures of 
background, education, tiaining, and inteiests aic seldom available 
The final outcome, oidiiianly, is a net rating by the intci viewer of 
the estimated over-all meiit of the mdnidual, this lating may be 
expressed on a thice-pomt scale (^‘below aveiage,” ^‘aveiage,” “above 
aveiage”), on a five-point scale, oi on a scale containing still mote 
steps In any event, it is highly impoitant to deteimirie empmcally 
whether the finalj net rating yields les'fdts better than could be 
obtained by the quantitative test data alone In one well- authenti- 
cated study [6], based on 3496 cases, it was found that a combination 
of scoies on an aiithmetical leasonmg and an electiical knowledge 
test con elated 50 ivith giades lu a school foi electiician tiainees, 
wheieas the inteiMCweis’ net latmgs (based on the test scoies, plus 
consideration of the individual’s backgiound, education, expeiience, 
and inteiests) con elated only 41 with giacles Evidently a good deal 
of effoit ivas spent to reduce the validity of piediction! Noi did the 
intervieweis’ latings seem to lead to the selection of men better 
qualified in personal-social characteristics Such a study emphasizes 
again the impoitance of eniptncal validation 


STABILITY OF TEST SCORES 

The longtime usefulness of an aptitude test is inci eased if indi- 
viduals’ scoies on the test aie stable fiom one year to the next Thus, 
it IS geneially agieed that intelligence tests taken dm mg the junioi 
yeai of high school aic as useful foi predicting college aptitude as 
tests taken at the end of the scnioi yeai , and some authorities say the 
same foi tests taken in the sevenlh giade of elementary school Such 
longtime stability enables eailier planning In general, the longtime 
stability of aptitudes othei than intelligence has not been thoioughly 
investigated 


FACTOR ANALYSIS 

The number of separate aptitude tests that have been constructed 
or that can be const: ucted is legion Confronted with a bewildenngly 
large number of testa, one may on a priori or on “logical’^ giounds 
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classify some tc^i^ as mcahuimg othcis as measiuing 

spatm) ability, etc But a poste}W}i piuul is lequiicd befnic such a 
classification of tests oi aptitudes can be accepted The identification 
and classificfttion of aptitudes aio piupeilv L‘\[ieiinienta] and quanti- 
tative undei takings 

Among quantitative methods “factoi analysis” is only one — and not 
necofesaiily tlie most convincing one Piobably expel iments which study 
the effect of specific tiaining ui ot tian&fei of tiammg aie more con- 
vincing than factoi analysis Such cxjieiunents, however, are time- 
consuming, muieoAei, the losults may sometimes themselves be best 
mteipiefced uith tlie aid of factoi analysis Factoi analysis is by 
no means opposed to othei methods foi the bettci identification and 
understanding of \shat a test ineasuics 

The method of factor analysis is undeniably technical fiom a sta- 
tistical point of viev , in essence, however, the logic of the method is 
biniple The most natuial way to detcimine what a test measuies 
IS to find out (a) with wdmt vaimblee the test is corielated, and (6) 
with what variables the test is iincuiielated (Of course, cuiielation 
IS a quantitative affair it is not ineielv present or alisent but can 
vary between +1 and —1) If one dotonmnos the coiiolations 
among a number of tests, he is likely to obaenc some smulaiitics and 
diffeiences in those for the vantnis tests — and thus to aiiivc at an 
impiovecl undoistanding and classification of this gioup ot tests An 
early study by Schneck [17] may soive as an example Schneck 
applied lime tests to 210 student*^ m a college class in general psy- 
chology The tests included (a) vocabulary, (6) opposite‘s, (c) 
analogies, (d) sentence comjdetion, (c) disaiiangcd sentences, (/) 
anthmctical leasunmg, (g) nunibei -senes completion, (ft) equation 
relationSj and (i) mental multiplication Schneck obseived that the 
ve}bal tests had an aveiage inteicoi relation, each with the other, of 
49, tlie nwrteucal tests had an average mtercoiielation, each with 
the othei, of 34, but the average ^^cioss coiielation” betw^een the 
verbal and the numeiical tests was only 14 Fiona such lesults it is 
a fair ”hunch,” wdneh Schneck venfied by suitable statistical analysis, 
that (a) a veibal-ability factor umleihcs the fust five tests, (h) a 
numbei -ability factor undeihes the next foui tests, and (c) a low 
dcgiee of con elation prevails between the veibal and numeiical factoi s 

Sclmcck's pioblem w^as a simple one Had tho numbez of tests 
been, say, 67, as it was in a study by L L Thuistone, a mere inspec- 
tion or calculation of aveiage intcicoi relations could not possibly 
disentangle all tho interrelations m such a large table of corielations 
(With 67 tests, the number ot conelations is (57 times 66) /2, oi 1696 ) 
Using statistical methods devised largely by himself, Thuistone [19] 
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found seven Heai factois among the 57 tests T (vcibal ability), N 
(facility in siinple nunieiical opeintionfa), .S (njiatial visualizing in two 
01 tliice dimensions), ir ffluenev in piocluciiig unconnected nouls 
that meet ceitain lestnctions oi lequncmcnts) , P (perceptual speeds, 
01 “facility m peiccning detail that is imbedeled m iiiclevant inate- 
iial”), (lote iiienioiv), and I (iiiductne icftsonmgt Two other 
factois weic also tentatively identified No general-intelligence factoi 
was found in this study, cuncluctcd evith college students as the sub- 
jects In a latei study of a laigc sample of childicn in the eighth 
giade of elemental y school, L L and T G Thiirstone [20] did 
obsene a geneial-intelhgence factor, which they intcrpieted as 
accounting foi the positive corielation pievaihng among tho othei 
factois A study of a sample of adults by the Wai Manpow'ei 
Commission [22] also levealcd a gcneial-intelligence factoi, besides 
most of the othci factois identified by L L Thui stone 
It 13 impossible, w'ltliin the limited space of a biief chaptci, to 
discuss factoi analysis at much gieatci length The method, while 
uniquely Aaluable, is not a panacea Certainly it does not leplnce 
shicwd obseivation and mteipictation, not does it in any way i educe 
the need fot clovei test construction Thiec major limitations of 
factoi analysis may be noted (o) Thcic is some chsagieement con- 
ceining the best statistical methods to be emplojed in factoi analysis, 
experimental, statistical, and mathematical studies are needed to settle 
this issue (b) So fai, it has not been possible to find or constiuct tests 
which piovidc pure ineasuies of tho factors, this leads to seiious limita- 
tions and comphcations [18, pp 102-120] (c) Faetoi analysis yields 

statistical lesults, i e , lesults which aie true on the average, but which 
may not apply to any pai ticiilai individual This last objection -would, 
of course, apply to piactioally all statistical findings In defense, it 
may be pointed out that the average has its own mtiinsic impoitance, 
and that the study of an individual pioceeds most safely and judi- 
ciously if a background of the noimal (as expressed in the statistical 
aveiage) is kept m mind 


EFFECTUATING FACTORS 

It would be a mistake to suppose that aptitudes exist oi operate m 
splendid isolation from the icst of the peisonahty It seems obvious 
that interest, aspiiatious, effort, and persistence play a part in effectu- 
ating a poison’s aptitudes Aptitude tests aie useful in determining 
those who can, they aie generally of negligible value for determining 
those who can but wmn’t In long-time follow-up studies of validity, 
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another fnctm is the oppoUunity to make good OppoUiinitJcs aic 
not always distributed with even-handed justice, and vaiious peieonal- 
social skills aie lequired m older to hang on to a favoiable oppoitumty 
once it has been been gained All these factois tend generally to blui 
tho iclation between nptitude-test scores and peifoiinancc on the 
eiiteiion Obviously, some contiol of these ^^eftectuating factore” is 
desJiable in any validity study of apiitude-test scoies. 


USES OF APTITUDE TESTS 

Aptitude tests aie used in educational giudanco and (at tlie college 
level) in educational selection, in occupational guidance and occupa- 
tional selection, m lecieational guidance (especially in the field of 
music), and in peisonal counseling Numeious administiative uses 
are made of aptitude tests, thus, school superintendents expect a higher 
level of per/oimance fiom scboole in which the children are chazaoter- 
ized by supenor aptitudes Duiing World War II the Army and 
Navy made extensive use of aptitude tests, and devoted consideiable 
effoifc toward producing additional tests especially suited to their 
needs Aptitude tests also have a bearing on social issues, such as 
immigration and various sooial-olass distinctions (tlie Hitlcnan dogma 
of the supenonty of an ‘'Aiyan lace’^ was cleaily dispioved by the 
evidence from aptitude tests) Most important, fundamentally, as 
the use of aptitude tests for pui poses of investigation oi le&earch Ap- 
titude tests aie used m leseaich on the nature of human abilities and in 
the stud^ of motivation, learning, delinquency, and other psychological 
lasuejg Aptitude tests are also of basic or accessory impoitance in le- 
aearoh on numeious educational, industrial, military, and social 
problems 


TRENDS 

Ceitam trends in the investigation and appraisal of aptitudes are 
worth noting The following discussion is limited to aptitude tests, 
rather than latings, lecords, interviews, etc , because tests aie generally 
the most useful and economical means of aptitude measurement 
In tho firefc place, aptitude tests appeal to be enjoying an increase 
m public lecognition and acceptance Concomitantly with this gain 
m status, the scope of measuioment has expanded beyond tho field of 
intelligence to include sucli areas as mechanical aptitudes, motor 
coordination, and administiative oi executive aptitudes* In this 
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process of expansion, the di'^tmctum between aptitude and achieve- 
ment has not been so caiefiilly respected as m the older field of inteb 
hgence testing This seems a step backward 

An outstanding advance has been the inci eased lecognition of the 
specificity oi distinguishable components of mtelligenoc and othei 
aptitudes The chief ciedit foi this goes to the technique of factoi 
analysis, the development of factoi -analysis techniques has been an 
outstanding accomplishment The use of factoi analysis in the study of 
aptitude tests has continued to mciea'^e 

The adaptation of tests to machine scoring continues However, 
some new tests are appealing i\hich m their piesent foim cannot be 
scoied by machine, these aie mainly tests of fluency in wilting and 
in the pioduction of ideas Whethei iiiachine-scorable items can be 
devised that will be useful for the measuieinent of fluency-abilities 
lemaina to be seen 

A healthy emphasis has been glowing on the impoitance of obtain- 
ing better external ciiteiia foi the validation of tests The Army 
An Foices made an outstanding eftoit to caiiy tliiough long-teim 
validation (from initial examination to perfoimance in each of the 
successive tiaining schools and finally to actual combat) It lemains 
to be seen to what extent this splendid wartime example will beai 
])eacctime fruit 

The statistical analysis of tests has improved considerably Sam- 
ples are laigei, attention la being paid to the effect of the speed 
factoi on measuies of reliability and validity, and item analyses are 
being more v^idely and adequately conducted 

Taken altogether, the tiends which have been noted add up to 
wliat may be termed an increasing institutionalization of aptitude- 
tea ting leseaich Research has become a longtime and expensive 
affaii, which no ordmaiy individual is able to manage alone In this 
lespect aptitude-testing lesearch is similar to medical research, 
atomic leseaich, and industrial research Although the individual is 
ever the source of oiigmal ideas, the execution of these ideas geneially 
calls foi the combined, cooidmated resources of a complete organiza- 
tion The day of the individual man, pitting his abilities against 
Ignorance and falsehood, is gone It would be well if this fact weie 
moie widely lecognized and accepted 


SUtmARY 

Aptitude refers to potential achievement Tests, rather than rat- 
ings, mterviews, oi records, aie the principal means for the practical 
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ap])iai 5 a] of jntcnjgeme and othei apbtiirlc*^ Pages 504^513 piov:de a 
few illustiations oi the ^ aiioub types of tasks included in aptitude tests 
The picpaiation ol an aptitude test is t\ lengthy process whieh starts 
with a job analysis, and piocceds thunigh the steps of planning the 
test, constuicting the test, giving tlic tcbt a biial m an appiopuatcly 
diawn sample, analyzing the data obtained by the tual, icvismg the 
test, validating the test against a suitable evteinal ciiteium (oi 
against suitable exteinal criteria), piepanng nouns, and dotei mining 
the piopcr u eights lor coinbimng the test scoies with othei measmes 
The technique of factoi analysis is uniquely valuable for the identi- 
fication of basic aptitudes Ccitam limitations of factor analysis weie 
noted ni tlie text 

It IS impoitant to lealize that aptitudes do not exist oi opeiate in 
splendid isolation fiom the lest of the peisonahty Aptitude tests are 
designed to disco\ci "those ivho can,” but aic of negligible value foi 
identifying "those who can, but 

Among the impoitant tiends in aptitude testing aie an inciease m 
public lecognition and piestigc, a continuing expansion to fields beyond 
intelligence, iinpiovcd statistical analysis, tlie development of factor- 
analysis techniques, emphasis on tlic distinguishable coniponcnts of 
intelligence and othci aptitudes, and emphasis on the unpoitance of 
obtaining bettci extcinal cuteua foi the \alidation of tests 
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Chapter 18 


Investigating and Appraising 
Personality 

Saul Rosenzwetg^ 

PSYCHOLOGY AND PERSONALITY 

The definition of peisonalityf as distinguished from other areas of 
psychological interest, has come to involve at least two indispensable 
ideas mtegiation and uniqueness While othei aspects of psycho- 
logical reseaich are directed to this or that segment of behavioi, 
personality invanably has reference, for one thing, to the functioning 
of the whole man, and, foi another, to those aspects of mtegiation that 
distinguish any individual fiom bis fellow In studying personality 
the psychologist is theiefoie interested in knowing how the mdi\idual, 
in the expression of his needs and hie relationships ^ith other indi- 
viduals, functions as a recognizable unit that possesses certain dis- 
tinctive tiaits, drives, attitudes, and habits, and attains oi fails to 
attain an adjustment to himself and to his environment 
It 18 useful, in thinking about personality, to distinguish it from 
cei’tam other terms with which it is commonly connected On the 
whole, peisonality does not lefer to the goodness or badness of the 
I individual in any moral sense and is thus distinguishable from the 
word character f which is moie likely to have that significance Simi- 
larly, the teira temperament is sometimes used loosely as a synonym 
for peisonahty Technically speaking, tempei ament refers more com- 
monly to certain consistent patterns an the affective or emotional life 
of the individual — ^patterns which make for a melancholy or optimistic 
outlook, an irritable oi excessively mild way of taking things It will 
thus be seen that terapei ament includes less than peisonality 
Psychologists differ in their conceptualization of the peisonahty 
To some the behavior of the individual m his immediate environment 
is all impoitant, whereas to others the immediate environment is 

1 Chief Psychologist, Wefitern State Psychiatno Institute and Clinio, Lecturer, 
University of Pittsburgh, Pittsburgli, Permeylvania 
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seconclaiy to the cfTecu of caily life expciicnco Another riiftoience 
consists in sticssing lolatnely static units like tiait and habit, on the 
one hand, oi dynamic ones like need and dine, on the othei Closely 
jelatcd to both these dificicnces m theoietienl appioach is a fuithei, 
more gcneial one eonceined with choosing foi emphasis between the 
conscious and readily vcibnlizcd aspects of behaviot oi the uncon- 
scious, implicit, and sometimes uiatnmal paits of the personality 
These distinctions are exeinjilificd in the woik of tlucc contcmiiorai'y 
leadeis m peisonality theory — Allpoit [1], Lewmi [17], and Muriay 
[22] — a coinpaiison of whom may be found clsewdicie [26] The 
leference is intiodiicod here to biing out the lact that in this still 
relatively new field of psychology the particulai amis and point of 
view of each mvestigatoi dctei mine not only the concepts which he is 
apt to employ as appropiiate to his objectives but also the method® 
that w'lll be Jound ciopping up in Ins investigations Since it is our 
puiposo to suivey the cntiie lange of peisonality investigation, such 
differences in point of view will be ignoie<l, and instead an effort will bo 
made to piesont a coinpichensive pietuio of the vaiious designs and 
devices which an aveiago psyclio legist has at his disposal 

Although the piccedmg definition has implied that peisonality is to 
be undcistood as consisting of eeitaiu tiaits, dnvea, attitudes, habits, 
etc , all of which have a lather definitely non-physical icfeicncc, there 
aie othei aspects of personality wluch uie piesumed to have then 
basis m the physiology oi physique of the individual These latter 
topics arc ticatcd in Chnptei 16 ol this volume Siinilaily, it should 
[be noted that foi a complete sutvey of peisonality the piosent chaptei 
I should be supplemented by Chaptei 19 on clinical methods, Cfiaptei 
13 on motivation and emotion, Chaptei 22 on social behavior. Chapter 
21 on child development, and Chapter 17 on intelhgcncc and aptitudes 

Even within the delimited aiea of this chapter, the treatment of 
methods foi studying peisonality will not aim at being exhaustive 
Instead ceitain lepiesentntive devices will be discussed, so that the 
student may have an undei standing of typical approaches rather 
than a long, lean list of techniques In the selection to he made, 
regard for curient tiends will naturally play a pait 

Methods of investigating peisonality may be conveniently divided 
on vaiious bases For the piesent purpose a division into subjective, 
objective, and ‘projective methods has been adopted. 

SUBJECTIVE METHODS 

The subjective methods aie those in -which the individual is per- 
mitted to disclose what he knows about himself as he takes himself as 
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an object of obsenation The extent to which the statements made 
by the subject aie used at face value by the examiner is vauablc, 
accoiding to the jiaiticulai method in question and the orientation 
of the paiticulai psychologist In exciy case, howe^ci, these sub- 
jective methods aie based upon what the subject himself has to say 
about his tiaits, attitudes, personal cxpeiiences, aims, needs, and 
interests 

The Autobiography 

One impoitant subjective method is the axUobiography — a nairation 
by the individual, given either fieely oi according to ceitain subject 
headings piovided by the examiner, of his expeiicnces throughout 
life, of his present aims, pm poses, mteiests, and attitudes As a ht- 
eiary document, the autobiogiaphy lias, of couisc, been known at 
least since Biblical times, but its systematic use by the psychologist 
is of fairly lecenfc origin At piescnt it is employed mostly m lathei 
extensive clinical studies of the individual, eg, when a psychiatiist 
asks a patient to write such an account to aid in the more complete 
statement of the pioblem to be treated, and in such massive approaches 
to personality as may be found m the Eiplo) ations i7i Pejsoncdity by 
Murray and his cowoikers [22] An obvious advantage of this 
device is the lelative freedom which it leaves the individual in select- 
ing those paits of lus expeiience which seem to him of impoitance as 
a revelation of his peisonahty — an advantage which is naturally 
increased when the examiner does not piovide an outline for the 
subject to follow A closely lelated disadvantage, howevei, lies in 
this very same faotoi of selection, since the subject is apt to pick out 
only those parts of his expeiience which he is willing to leveal, or, as 
with individuals like Rousseau [29], aspects which, while distinctly 
more piivate, are unduly emphasized because of some special satisfac- 
tion the individual deiives fiom such self-ievelation Nevertheless, 
the method is of considerable value when it is pioperly employed and 
when its results are interpreted in i elation to materials otherwise 
elicited Even to know what the peison thinks about himself or is 
willing or anxious to tell about his expeneuce is, howevei partial, of 
great importance For a discussion of the autobiography and i elated 
personal documents like the diary m the underetanding of peisonahty, 
Allpoit's monogiaph [2] may be recommended. 

The Case History 

The life histmy or case history j as employed in the study of per- 
sonality, 18 almost invariably dependent to a gieatei oi less extent 
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upon the aiitobiogiaphy Hcie, ho\ve^clJ aouices of infoimation other 
than the subjeeVa own account of himself are available Even the 
autobiogiaphy need nob be obtained in writing but may come from 
oral interviews Interviews, moreover, may involve not only the 
subject but also his relatives oi othei close associates The case- 
history method has its most common application m the study of 
abnormal peisonahties, where the information obtained has an 
important clinical bearing The Bocial woikcr and the psychiatiist 
employ the method characteristically m their orientation to a new 
case Although the usual aim m such application of the life liietory 
la to obtain as compiehensive infoimation of the individuals experi- 
ence and personality as possible, a more recent point of view calls 
attention to the tact that many things m the life of the individual 
may have little beaimg upon his piesent personality or upon the 
pioblems foi which he needs psychological undei standing As a con- 
sequence, many psychiatiists and social workers limit the method 
^of the case histoiy to ceitam spontaneously produced aspects of the 
individuars expenence It is then opinion that aspects not so bi ought 
up by the patient himself are probably of little functional importance 
in the jicisonahty Natuially, recognition is also given to the fact 
that complete freedom should be allowed the individual in levealing 
what he wishes to leveal about himself, in fact, it is precisely in 
Older to make possible the individuals fieedom and secuiity in self- 
lovelation that no attempt to piobe compiehensively is made by the 
proponents of the view undei discussion While foi lesearch pur- 
poses this more specialized use of the life-history method may have 
less value m certain settings, the veiy existence of this emphasis brings 
to light an enoi that is often made in the use of life histones — the 
eiroi of supposing that all the experiences of an incln^dual have 
affected him equallv oi have, at least, left their mark Here again, 
therefore, the method cannot be used without considerable ciitical 
interpretation and has its greatest value when employed in connection 
with information elicited from other sources 

The Interview Method 

The intervieWy to which reference has been made in passing, is in 
itself a most impoitant procediue for the study of peisonahty - The 
facQ-to-face relationship in which the subject and the examiner cany 
on a conversation is so common that it may at fiiat glance seem 
purely academic to label it as a technical method Conversations of 
this sort occur everywheie, and everybody is involved m them every 
day From this kind of experience, perhaps more than from anything 
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clse^ comes the common behef that everyone is a psychologist Wc 
aie all continually evaluating the motives, attitudes, and traits of the 
people ^\lth whom we talk or have other living relationships Actu- 
ally, however, the method of the mteivicw involves the possibility of 
great skill or of complete ineptness Tlie inteiview is indeed a fai ciy 
from the conversation between two fi lends — so much so that entire 
books have been devoted to the subject [ 4 , 8 ] Naturallv> the pin pose 
of the mteiview will doteimine to a large extent the technical aspects 
which will be einphasued, but even when the inteiview has a ‘specific 
practical pin pose, e g, m the employment situation, it still represents 
a method foi investigating oi appiaising personality, since there is 
haidly a piactical relationship that one can think of in ivhich the 
Uaits, needs, aims, and othci characteristics of the subject wouhl not 
have to be evaluated 

The chief dimension in lespect to w'hich the interview may 
vary is the iigidity or flexibility with winch the interviewer holds to a 
predetermined outline of questions or topics In some instances a 
definite list of points to be covered consecutively in the inteiview 
selves as a basis for the pioceduie In that case the method lequiies 
considerably less skill than when moie latitude is allow^ed the intei- 
viewcr Occasionally the topics to be coveied aie outlined with consid- 
erable fieedom as to ordei The examiner is then able to make a more 
natural expeiience out of the inter\iew, the leads offered by the subject 
being taken as a basis for transition to othei topics wdiich the intei- 
view is intended to cover There are, at the full extieme, interviews 
which are completely fiee situations — situation^ m which the exammei 
refuses to be tied by any set procedure and is more interested in the 
impact which occuis spontaneously between the subject and himself 
As IB obvious, an interview conducted m this fashion must depend 
for its success to a veiy great extent indeed upon the &kill and expeii- 
ence of the interviewer Closely i elated to this highly spontaneous 
type of interviewing is that in which the topics roveied, whether pie- 
detei mined or not, have lelatively little to do with the traits that the 
exammei is attempting to assess Frequently, in fact, the intei viewer 
18 consciously or unconsciously estimating the tiaits of the interviewee, 
not from the views the lattei may express on a given topic, but by the 
dogmatism witli which these views are stated, by the interest in people 
or a particular aiea of experience which the statements leveal, by 
vocabulary or incidental allusions which the subject employs unwit- 
tingly in his conveisation Naturally, the interview under these cir- 
oumatances becomes a very subtle tool for revealing personality, but, 
as already said, it then requires a very astute examiner, one skilled 
m the observation and mterpietation of mai^enal not anticipated 
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Since e\cti the heat niteivieu is apt to be influenced by the pei- 
sonality of the interviewei as ^\ell as by that of the subject, attempts 
ha^e been made to pioviclc more objectivity One such device is to 
make the lntelvlc^^ a mattci not of two imlivicluals but of a company 
m which the subject foiins one, and the mteivieweis, two, tlnce, 02 
moie membeis Undei these ciicumbtances the boaid of intei vieweis 
is «ible to ]>ool judgments and to bimg to boai a vaiiety of standpoints 
that leduceb any peisonal bias in the inteipietation of icsults In a 
field like peihonality, wheie subjertnity ol judgment is so piovalent 
and so dangeious, this modification ot the intexview method has 
distinct advantages Once again, howevei, it cannot be ovci looked 
that theie is a closely 1 elated disacKantage — the extent to which a 
board of examineis intioduces an atmospheie of greatei foimality and 
iigidity than does the sole mteiviewei 

It may also be mentioned, in oidei to illustrate the flexibility of 
the interview method, that a combination ot the mdiiect method of 
mteiview (in wluch the cxammei is intciestcd less in the opinions of 
the subject than in certain implicit aspects of his statements and 
mannei) and of the inteiview by boaid has leccntly been iccommendecl 
by Fieemaii and collaboiatois [ 5 ] undei the name intewiew 

In this case the subject is brought befoic a gioiip of mtcivicweis and 
asked to pcifonn coitam coiniilex tasks, presumably as a test of 
his intelligence 01 aptitude fui the job Actually the proficiency of 
the subject is of little significance, except m so fai as his reactions 
to his own success and fniluio enable the judges to Obtunatc ceitain 
impoitant aspects of tlie subjcct^s pcisonality The intenieweis, 
moroovei, “heckle” the subject by remaiks cither directed to him 01 
made m a rathei loud whisper among themaehes Each judge is 
lesponsible foi noting ceitain features of the subject^s behavior for 
the iccord As can readily be seen, the naive subject in a situation of 
this type IS being mteiview ed under very specml circumstances, but 
at the same tunc the teiin inteiview, although lathci distant in mean- 
ing fiom its ordinal y conception, is clcaily appiopnate The stiess 
inteivzew begins to paitake veiy much of ft,uch miniature life situations 
as will be discussed under the objective methods. 


The Inventory Method 

Another very commonly employed method of personality study is 
the invento>*y 01 questxoiinaii e In this method the subject is pre- 
sented with a series of statements or questions desciibing possible 
emotions, attitudes, 01 behavior m situations icveahng pex sonality, 
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with the instruction to check oi othciwise indicate hi^ reaction to or 
judgment of the test itom^ One foim of such invontoiics the 
cioss-out tost, in which those icmaiks, comments, oi chaiactonzationh 
which do not apply to the subject arc ciosscd out by him and the 
lemainder left standing Anothei loim gues optional modch of 
bchavioi m a dosciibod situation, with the msti action to the subject 
that lie indicate tiic option appiopnato to lum^^elf Occasionally such 
questionnaucs aim to leveal a rather complete pictuie of the mdi- 
vidual’s emotional and dispositional hlc, as is tiue, tor instance, ot the 
Beinreutei Peisonality Inventory [38] Moie specialized uses of the 
device aie also common, eg, the Teiman-Miles AI-F Batteiy for the 
assessment of masculinity and feminimtv [39] 

Below aie five sample items fium Guilford^s Inventory of Factois 
S T D C R [9] In this mventoiy the individual icsponds to each of 
176 such items by encii cling Yes, oi A^o, and a scoie is obtained 
on each of five factois social introversion, thinking introversion, 
depression, cycloid disposition, and ilmtiiymia 

S Aio you inclined to limit youi acquaint ancea to a «tclect few? Yea 7 No 

T Are you inclined to analyze the motives of others? Yes 7 No 

D Arc 3 'ou somotmics eo ''blue" that life Fccnis hardly worth living? Yoa ? No 

C Do you have froquont ups and dow us m mood, eithoi \v\l\x or i\ ith- 

out apparent cause ? Yea ? No 

R Are you inchnod to act on the spur of the moment without tlimkiug 

things over? Yes ? No 

If a pel son leceives a high scoie on S, it indicates that he is shy 

and seclusive, T, is inchnod to meditative or leflective thinking, D, is 
habitually gloomy, pessimistic m mood, C, has stiong emotional 
fluctuations and unevenness of disposition, R, has a happy-go-lucky 
and caiefrce disposition 

It IS natural that the inventory appioach should have occuired 
lelatively eaily to psychologists as a T^ay of exploring the complex 
and divei sifted field of peisonality Piesumably the individual knows 
more about himself than does anyone else, and jf he is wullmg to reveal 
his knowledge, the obvious thing to do in tr^ung to find out about him 
IS to ask him Undoubtedly such an approach seems to piovide a 
scope of information which othei methods would find it hard to equal, 
but the validity of such results as aie thus obtainable la open to veiy 
serious question As has been pointed out by a number of imesti- 
gatois, the subject (a) may not be willing to reveal the facts about 
himself, and (b) may not even be in conscious possession of these facts 
Even if the first difficulty could be ovoicome in certain cases where 
the confidence of the subject has been guaianteed on a therapeutic or 
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othei basjs, the pioblem would still lemain ot oveieoimng the subject^s 
ignuiance of his own pcisonality 

It IS by now w^ell undei stood that individuals often arc unaware of 
the facts about themselves as regaids complex chaiacteiistics unaccept- 
able to the conscious ego In other words, iiart of the personality is 
apt to be implicit oi uncoiisciuus lathei than explicitly a\ailable to 
the subject's snintmy In fact, an impoitant pait of tlie peisonality 
may consist m a certain defensiveness against a knowledge of defects 
and inadequacies which aie painful to contemplate (U to integiatc 
with othei tiaits and which can be discoveied moie leaclily by others 
than by oneself The peisonahty invcntoiy oi questionnaue is usually 
an inept tool for disclosing these obscure legions of the pcisonality and, 
what IS woise, is fiequently invalid as a way of levealing even what 
the subject may know because these unaccepted aspects color the 
1 espouses to othei questions about himself 

The so-called '^opinion eiiois^^ [26] which aie thus involved m the 
inventory can sometimes be circumvented by iiidiiect cioss-checks 
which have lecently been suggested by sophisticated investigatois, 
compaie, for example, the lie (L) scoie employed m the Minnesota 
Multiphasic Peisonahty Inventory [14*] By this device it is 
possible, in this inventoiy, to evaluate the extent to which 'a pei&on 
18 falsifying lus answers in older to appeal moie acceptable socially 
There are fifteen items from which this contiol scoie is computed, 
e g , *‘Once in a wdiile I put oft until tomorrow what I ought to do 
today " Since this illustiative statement has been found to be inaiked 
“false" by less than 7 pei cent of normal poisons, it is assumed that 
subjects maikmg this statement "false” foi tliemaelvea are piobably 
falsifying thoir answers The L score thus becomes an rnclex of the 
honesty of the responses to all the questions on the inventory. Cor- 
lective devices of this kind natuially increase the value of the 
inventory but have, up to the present, not succeoclcd in matenally 
ovei coining the basic disadvantages Nevertheless, the appioach 
remains an important one foi the study^of an individual's opinion 
about kimself, right or wiong as this may be The inxeutory or 
questionnane can thus be reinterpreted as an instrument for eliciting 
verbal behavior which needs to be analysed m relation to otliei 
data about the person instead of being accepted at face value as 
descriptive of what the subject is or docs jn life situations This 
behavioral mterpietatron of the inventory will be mentioned again 
later 

A large number of inventorieB are devoted not only to personality 
traits and needs, but also to interests, eg, the Strong Vocational 
Interest Blank [37] , attitudes, eg , Harper's Social Study foi liberal- 
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ism and conservatism [10], and values — economic, esthetic, lehgious — 
eg, the Allpoit- Vernon Study of Values [42] These nioie cu- 
cumsciibed devices shaie some ol the arhantages and disadvantages of 
the geneial personality inventoiy, although the disadvantages aie 
pe^llaJ'^s less likely to i>]ay a pait since one is actually attempting m 
these cases to study the mdividiiaPs opinion (interests, attitudes, 
ideals) lathei than moic factual matters about his emotional life oi 
behavioi in life situations 


OBJECTIVE METHODS 

As distinguished fiom the subjective approaches thus far discussed, 
the objective methods depend not upon the subject's own stateraents 
about himself but upon his overt beha\ioi as levcaled to others 
who seive as obscrveis, examincis, or judges At this point the 
methods of appraising peisonahty approach those usually employed 
for the assessment of intelligence and other moie specialized capacities 
Pioponents of these objective methods foi studying peisonahty point 
out tJiat, just as one would haidly be satisfied with the subject's opinion 
of his ability in arithmetic and would wish actually to apply a test 
in whieli the subject had an opportunity to demonstrate the amount 
of his anthmetical skill, so m tiying to undei stand peisonahty it is 
necessary — ^j^erhaps even moie necessaiy — to observe the subject in 
certain life situations where Ins paiticular tiaits, habits, needs, and 
other chaiacteiistics aie brought into play and can thus be observed 
directly by the examiner 


Miniature Life Situations 

A name that has been given to the most obvious application of the 
approach just described is miniature life situations An excellent, and 
perhaps the earliest, statement of the point of view invohed is found 
in a classical paper by Francis Galton [0], published m 1884 He 
wrote 

Emergencies need not be waited for, they can be extemporised, traps, as it 
were, can be laid Thus, a great ruler whose word can make or mar a subject's 
tor time, wants a secret agent and tests his character during a single interview 
He contnves by n few minutes' qiiestiomng, temptation, and show of dis- 
pleosuze, to turn his character inside out, exciting in turns his hopes, fear, 
zeal, loyalty, ambition, and so forth Ordinary observers who stand on a 
far lowei pedestal, cannot hope to excite the same tension and outburst of 
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other basis, the piofalcm ’would still icmain of ovei coming the subject's 
Ignorance of his own personality 

It is by now ’v\ei( imdciatood that individuals often are imawaie of 
the faotb about themselves as legaids complex charactenstica unaccept- 
able to the conscious ego In othei woids, part oi the peisonaiity is 
apt to be implicit oi unconscious lathcr tlian explicitly available to 
the subject's sciutiny In fact, an impoitant pait of the peisonaiity 
may consist in a ceitain defensiveness against a knowledge of defects 
and inadequacies which are painiul to contemplate oi to mtegiate 
with othei tiaits and A\hich can be discovered moie leadily by othcis 
than by oneselt The peisonaiity inventoiy oi questionnaiie is usually 
an inept tool for disclosing these obscuie legums of the peisonaiity and, 
what is ^voise, is liequently invalid as a way of levealing even what 
the subject may know because these unaccepted aspects coloi the 
1 espouses to othei questions about himself 

The so-called “opinion enois” [26] which are thus involved m the 
inventoiy can sometimes be cucumvented by mdiiect cioss-checks 
which have recently been suggested by sophisticated investigators, 
compare, for example, the he (L) score employed in the Minnesota 
Multiphasic Peisonaiity Inventory [14] By this device it is 
possible, in this inventoiy, to evaluate the extent to which 'a person 
IS falsifying his answeis m older to ajipear more acceptable socially 
Theie aie fifteen items fiom which this contiol scoio is computed, 
eg, ''Once m a while I put off until tomoiiow what I ought to do 
today ” Since tins illustrative statement has been found to be maiked 
“false" by less than 7 pei cent of normal poisons, it is assumed that 
subjects marking thi^ statement “false” foi themsehes aio piobably 
falsifying then answers The L scoie thus becomes an index of the 
honesty of the responses to all the questions on the inventory Cor- 
lective devices of this kind natuially increase the value of the 
inventoiy but have, up to the piesent, not succeeded in mateiially 
overcoming the basic disadvantages Neveithelcss, the appioach 
lemams an impoitant one for the study^of an mdividuara opinion 
about himselji light or wrong as this may be The inventory or 
questionnaiie can thus be remteipieted as an mstiument foi eliciting 
veibal behavioi which needs to be analyzed m relation to othei 
data about the person instead of being accepted at face value as 
descuptive of what the subject is oi does in life situations This 
behavioral interpretation of the inventory will be mentioned again 
later 

A large number of inventories are devoted not only to peisonaiity 
tiaits and needs, but also to interests, eg, the Strong Vocational 
Interest Blank [37] , attitudes, e g , Harper's Social Study for hbeial- 
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lain and conservatism [10] , and values — economic^ esthetic, leligioua — - 
eg, the Allport-Veinon Study of Vahieg [42] These moie cji- 
cumsciibed dcMccs shaio some of the advantages and disadvantages of 
t)ie geneiaJ peisonality inventoiy, aldiough the disadvantages aie 
pcihajis less likely to play a part since one is actually attempting in 
these cases to study the individual’s opinion (mterests, attitudes, 
ideals) lathei than more factual matters about his emotional life oi 
behavioi in life situations 


OBJECTIVE METHODS 

As distinguished from the subjective appioaches thus fai discussed, 
the objective methods depend not upon the subject’s own statements 
about himself but upon his oveit behavior as revealed to otheia 
who serve as observeis, examiners, or judges At this point the 
methods of appraising personality approach those usually employed 
for the assessment of intelligence and othei more specialized capacities 
Pioponents of these objects e methods foi studying peisonahty point 
out that, just as one would hardly be satisfied with the subject^s opinion 
of his ability in aiithmctio and would wish actually to apply a test 
in which the subject had an opportunity to demonstrate the amount 
of Ills aiithmetical skill, so in trying to undei stand peisonahty it is 
necessary — perhaps even more necessary — to observe the subject in 
certain life situations wheie his particular traits, habits, needs, and 
other characteristics are brought into play and can thus be obseiwed 
diiectly by the examiner 


Miniature Life Situations 

A name that has been given to the most obvious application of the 
appioach just desenbed is mimatme life situations An excellent, and 
perhaps the eailieat, statement of the point of view involved i<3 found 
in a classical paper by Francis Qalton [6], published in 18S4 He 
wrote 

Emergencies need not be waited for, they can be extemporised, traps, as at 
were, can be laid Thus, a great ruler whose word can make or mai a subject’s 
fortune, wants a secret agent and tests hid charactei during a single interview 
Ho contrives by a few minutes’ questioning, temptation, and show of chs- 
pleasuro, to turn his character inside out, exciting in turns hig hopes, fear, 
zeal, loyalty, ambition, and so forth Ordmary obsorvora who stand on a 
far lower pedestal, cannot hope to excite the same tension and outburst of 



feeling in thoi^c whom they exnmnie, but they can olitmn good data in a more 
leisurely way II they aie unable to note a man's conduct undei great trials 
for want of opportuniU, they may do it in small ones, and it is well that 
those small occasions *^hould be such as are of ficqiient occurrence, that the 
statistics ot men’s conduct iindci like conditions may be compared After 
fixing upon some paiticulai class of pei’soni> of similai age, aox, .ind social 
condition, we hme to find out what common moidents in their lives aio most 
apt to make them betray their cbaiactei Wc may then take note as often 
as we can, of what they do on these occasions, so as to ariivc at then statistics 
of conduct in a limited niimbei of w^elbclofmcd feinall trials 

The roadei wall see at once how similai wms Galton^s idea to the 
stiess inteiview which Fieeman has leccntly devised and woiked out 
in such gicat detail Galton^s method also recalls the pioceduies 
employed duimg the wai by the Office of Stiategic Sci vices in 
Washington foi the selection of special Aimy officeis and used eailier 
by Simoncit [34] and other investigatois in Geimany 

Galton offeis, among othoi specific suggestions, one wdnch is so apt 
as again to descive dncct quotation 

The poetical metaphois of oidiiiary language suggest many possibilities of 
meaburement Thus w^hon two jiDisoiis have nii ^hnclinatiou” to one another, 
they visibly incline oi slope together when bitting side hy side, as at a dmnei- 
table, and they then thiow the stre^ of thou weights on the near logs of then 
chairs It docs not requiie iniicli ingcmiity to anango a prebsine gauge with 
an index and dial to indicate changes in stress, but it is difficult to devise an 
anangemeiit that shall fulfil the threefold condition of being effective, not 
attracting notice, and licing apiibcable to ordinary furniture I made some 
rude experiments, but being bus\ with other matters, have not earned them 
on, as I had hoped 

In moie recent ycais the method of miniature life situations has been 
extensively employed in the Chaiactei Education Inquiry conducted by 
Haitshomc, May, Mallei, Shuttlewoi th, and otlieis, whose results weie 
published in 1928, 1929, and 1930 [11, 12, 13] These investigatois, 
woiking mainly with giade-school childien, attempted to discovei 
the moial knowledge of their subjects and — what is moie lelevant 
here — then actual behavioi in situations involving honesty, coopera- 
tion, persistence, and similai tiaits In a typical experiment (foi 
measuring honesty) subjects weie allowed to score their owm papeis 
on a test by means of a key piovided them but w^eie later letested 
under controlled conditions by means of equivalent tests which they 
weie not peimittcd to scoio Tho difterenco between the scoics on the 
two testa indicated faiily leliably wdicthcv the exaimnee had copied 
answers fiom the key when he was allowed to use it It is interestmg 
to note that, although thcbe investigatois found a veiy high con elation 
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(aiound 4- 70) i3Ct\veGn moinl knm\ ledge and intelligence, the con da- 
tions between moial knowledge and scoics on bcbavioial tests of 
honesty, coopeiation, ote, ^^elc extiemely km (aiound -f 25) Those 
leeuits clemly indicate what has been pointed out eaiiiei \Ahat 
the subject says about his behnvioi and personality is a vciy unsafe 
guide foi piediction about his actual pcifoimance in life situations In 
this case, at couise, the subjects \\e\e not asked to judge what they 
would do in moial situations but lather what they might be expected 
to do, but the fact still icmains that thcie is consicleiable di'^cicjiancy 
between beha vioi ip life situations and piedietions fiom an imentoiy 
Tiaits \\hich have been fiequcntly studied by methods of actual 
perfoimance aie suggestibility and hypnotizabihty is well known, 
individuals diffci ronsideiably m the extent to which they clemonstiate 
suggestibility in eithei the waking oi sleeping conchtum It is easy 
to see wiiy this paiticulai tiait lends itselt iiatuiully to objective Jilc- 
Bituation mensuiement it actually iinolvcs a icUitinn^hi]) betw^een 
two 01 inoie mdividuals, one of ^vhom can become the examiner while 
the other is the subject The examiner then actually attempts to get 
the subject to accept suggestions intended to pioduce a condition like 
swaying oi to induce sleep of a hypnotic kind The degree to ■which 
the nKhiidiml icsponds to the suggestions of the exauunci senes as 
a measure of suggestibility oi hypnotizabihty [15] 

Another nica in which objoctixe methods of measiuing peisonahty 
have been quite natuially employed includes leactions to success and 
failure oi, in moie general teims, jruspation and gtatification Sub- 
jects can, foi example, be given supposed tests ol capacity, with the 
exammei actually interested not in then achievements but in their 
responses of an emotional kind on the basis of success and failuie 
Usually in cxpeiimcnts of this type the failuie oi success of tlie subject 
18 pi eai ranged, since mcasui ements of capacity are of no impoitance, 
whoieas the leactuma to success and failuie aie Natui ally the subject 
IS unawaie of the artificiality of the situation, and precautions need 
to be taken to guaiantee his naivct6 Investigationb employing this 
methodology aie well illustiated in the woik of Lewiii [17] and 
Rosenzweig [27] 


Method of “Unobserved Observation" 


While m the method of simulated success and failure the aubject^s 
bohavioi of a specialized kind is noted without awaieness on his pait 
of the examiner’s objective, the same pimciple is employed even moie 
patently in the piocedure of unobseived observation Here the sub- 
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ject is left in a lOom by himself with or without instuictioiis to pcifoini 
some task, he la then observed thioiigh a one-way nmroi, scieen, or 
othci device and perhaps ovcihcaul by a concealed micioplione setup, 
so that his behavioi, umiiflucuced by the piesonco of the obscivci, 
can be jecorclecl acciuately and completely The method has been 
extended sometimes by having a stenographer take down in the 
obacivatory the exact verbalisations of the subject as these come 
thioiigh the spcakci oi headphones It is often ])ObSible to take motion 
pictuics of the subject if the ariangcmcnt has been pioperly installed 
and can be lationahzed to him in advance At the least, the method 
peimits a vcibal dcBCnption of what the subject docs while he is being 
obseivecl A recent extension of this appioach has been its use foi 
studying not only the beliavioi of the subject but also that of the 
Gxaminei, as in the woik oi Rogers [23] and his a^-'sociates who phono- 
graphically recorded vcibatim leoorcls of therapeutic intei views and 
latci analyzed them to i oveal details of the behavioi between examiner 
and examinee 

Although in this case the verbal behavioi of the subject was of 
nnpoitance, other examples of the method wlicie physical behavioi, ns 
woU as vcibal, plays an impoitant part may bo found in 
samplmg^^ studies, usually of children [40] In these studies obseivei's, 
concealed from then subjects or not, keep iccouls of B]iGcific behavior 
during short selected mtcivals These obscivations aie tieated as 
samples of the total behavim in time and aic analyzed statistically 
to give an objective piotuio of the mdividual and his lelationahip to 
others in the situation observed Fuitlior tlesciiptions of uses of the 
tiiuc- samp ling technique aic found in Chajitoia 21 and 22 


Physiological Measures 

In addition to the preceding objective methods for stuclvmg the 
overt behavior oi language of subjects in actual life situations, theio 
i« a group of others in which chaiacteiistics ol physique [32, 33] oi 
such covert physiological processes as blood pressuio oi the galvanic 
skm lesponee aio investigated as expressions of peisonahty As has 
already been pointed out, this to])ic is tieated in Chapteis 14 and 16 
It should, however, bo noted here that not infrequently these methods 
are combined witli studies of the subjeeVs gloss behavior oi veibali- 
zations, as in the Lima [19] technique which yields a simultaneous 
recoid not only ol the galvanic skin icflex but also of the subject^s 
word associations and involuntaiy muscle tremors 
Although all the objective methods thus far leviewcd liavo involved 
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some faiily well-defined niea oi aieas of the individual’s behavioi^ 
wliether spontaneous oi pieananged, othei objective procedures are 
ooncerned with judgments made by individuals who aie, by past 
association uith the subject, in possession of intoimation. about him, 
although no systematic or expeiimental attempt has been made to 
pioYide that special knowledge In other woids, latings, rankings, or 
matching of ceitain aspects of a subjeeVs behavioi by judges who are 
m some favoicd position fot knowing about the variables m question 
may also be legaicled as an objective appioach to the investigation 
01 appraisal of peisonality 


Rating Scales 

Bating scales have long been used foi the appraisal of individuals 
both in connection mth peisonality traits of a general kind and with 
achievement oi fitness for particular jobs The vaiiablcs may be 
maikcd by point values, eg, on a five- oi seven-point scale with the 
midpoint indicating the average foi the trait, oi each step in the scale 

I ^ 1 1 ^ 1 

Avoids Tole rales Likes Likes Seeks 

others others others others we(f others 

"Make a vertical mark crossing the above horizontal line 
to indicate the re/ativa position the subject would hold in 
regard to his usual reaction to the company of others " 

, * 

Fig I A graphic rating scale 

may be defined in descriptive words which help the rater place the 
subject more concietely in i elation to other individuals. See Fig 1 
A lefinoment of this latter pioceduie is the man-to-man latmg scale, 
which requires that, before a gioup of individuals aie lated, specific 
pel sons be chosen by the inters as typical of each of the vaiious scale 
positions foi each tiait In other words, a top, bottom, and middle 
man — and othei s accoiding to the numbei of steps in the scale — are 
selected, and then the individuals to be rated are placed according to 
their (hficience fiom oi similarity to tliese concrete examples of the 
points on the scale It has been found fiom controlled experience that 
the numbei of steps on the rating scale must be at least five foi reli- 
able results to be obtained As might leadily be expected, the tiain- 
ing and motivation of the rater are of cmcial importance for valid re- 
sultSt The ratei who is simply handed a sheet and asked to assign 
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imlmdimls giaclca on ccitain tuuta will oidmanly tuin in a peifoim- 
aiice thafc is next to noifchlcss and nmy, in fact, be exfciemcJy mis- 
leading A common mistake made by latcis consists in assigning 
estimates that clustci aiuiind the aveiagc point oi veei, if at all, 
toward tho favoiablc direction oi the scale Ratcis aic oi’dinaiily loath 
to commit thoinbclves to the extremes on a lating scale and 
aie Jikcly especially to a\oid very uiiiavoiablc latings It is 
essential, thciofoic, that lateis receive adequate tiaining m tho 
definitions of the vaiiablcs and of the steps m tho lating soalcsj as well 
as in the method by winch the lating'^ aic to be made Morcovoi, the 
raters must oidmanly be sufficiently motivated and unhuuied to make 
then woik dependable If, as so often happens, latinga are given 
hastily and m spaic momentb snatched away fiom othoi wmik, tho 
lesults cannot he tiu&tod 

E\cn lYith the tiamed and wclkmotixatcd latci, othoi oiiors may 
leadily vitiate pcisunality ratings The individual later may have 
some special bias, whether favoiablc oi unfavoiable, to the subject 
lated Sometimes such a bias appeaxs in tho foim of a Imlu effect, a 
subject given a high m low intiiig foi one tiait will be found, where 
this effect has opciatcd, to have been all-too-simiUuly latcd high oi 
low on tho othci tiaits to be estimated To collect this and similai 
ciroiB, it IS Weil to employ a nuinboi of ratcis — three, four, oi moio 
if possible — so that the composite of the lesults can bo lelicd upon 
instead of individually biased judgments Multiple fimhngs so reached 
aio also useful m pioviding a langc ol latmgs foi a given subject on 
a given tiait Subjects who are found to liayc consistently low, high, 
01 aveiagc latings, as given by a iiumbci of mvcstigatois, arc obviously 
diffeicnt iioin tliose who may be latcd over a lathci wide lange by 
diffoient judges, and this diffeicncc in vaimbility is often as significant 
as the aveiage rating of a subject 

In gencial, latings aio notoiiously unicliable and aio not a valid 
method of appxmsing personality if used without suppoiting data 
Nevertheless, the method is employed again and again in almost cveiy 
type of pcisonality investigation, although seldom lelied upon exclu- 
sively An intercbting example of how the lating pioccduie can be 
employed with consideiable validity almost because of its shortcomings 
IS found in an investigation of Seals [30], who lequircd subjects to 
rate both other indn iduals and themselves on the same traits, e g , 
stinginess Seais vvas lutcicsted in studying insight and pjojedwtif 
and he discovered from his work that subjects who are consistently 
mted high by othci a on such a negative tiait as stinginess but who rate 
theinselves low on this vanable, thus indicating lack of insight, are 
very apt to late othei individuals high on the same tiait, thus indioat- 
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mg the oj)eiatio:n oi pjojcctjon Inclnuluals, vn the othcj haiKl, a\ 1]0 
possess insiglit as defined in this exiiennient (agi cement between self- 
latingb and latmgs by otheis) aie Ics'd apt to pioject It should be 
noted, howcvci, that on the basis of this study projection uitli lespcct 
to one Uait dues nut ncccssaiily w^airaut the expectation of ])rojection 
for all tiaits 


The Matching Method 

A lelated type of appioach, m which judgments of both self and 
otlieis are also employed, is exemplified m the investigations of Werner 
Wolft [43] on 8clf-analysis and sell-iccognition Hib chai actenstic 
pioceduie is to piocure specimens of the subject’s speech, handwriting, 
01 gait without the subject’s knowing that the specimen has been 
obtained, the specimen is then included wath similai ones fiom othei 
individuals, and the subject is asked to chaiactoiusc the specinicns, i e , 
to describe tlie peisonality associated with each one Tlic icsults are 
ficquently levcahng and indicate that, although the individual may 
not consciously lecognizc his own foims of expiession — a finding pni- 
ticulaily true foi voice, and foi handwriting wlien piesented in innioi 
image — the chaiactenzation, nevcithelcss, levcals that some uncon- 
scious self-iecognition has occiured Yox example, m a study of voice 
samples, it w'as found in one experiment that the unwitting self- 
judgment was moie positive than the av'crage chaiactenzation in 73 per 
cent of the cases, and moic negative than the aveiage in 20 pei cent, 
only 7 pel cent of the judgments falling into the neutral zoue Uncon- 
scious self-judgments were thus showm to be excessively favoiable oi, 
,in a few instances, excessively unfavoiable, scaicely evei aie they 
neutral, as compaied to the judgment made of otlicis Peihaps even 
moie Intel esting is the fact that, although the subjects make tliese 
Belf-judgments without consciously lecognizing then own foiins of 
expiession, they yet lespond m a fashion that distinguishes self- 
judgments from judgments of others 

Foi some pui poses it is an advantage to use the method of ranking 
instead of latmg The judge is, uiidex these cu cumstances, practi- 
cally coerced into adopting the adx^antageous man-to-man method 
piGViously mentioned This pioceduie is, howevoi, iiece^saiily limited 
to smallei gioups than it is possible to tieat by latings 

A valiant of the latmg (or judgment) method which has gained 
m popularity among peisonality investigatoi's m lecent years is 
matching This procedure is to some extent an outgiowth of Gestalt 
psychology, in which emphasis has always been placed upon the total 
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individual It has long been known that the traits of the individual 
file seldom accessible to isolated study ‘unoe tlie peisonalitj- is an 
intui acting unit A judgment about any part is almost always 
affected by the judgment of the whole, and, inversely, a judgment 
of the whole is dependent upon a judgment of the paits Some recent 
tests of personality have, m fact, been constiucted with this point of 
view as basic, so that interpretations of icsults aie always made not 
in lespect to isolated vaiiables, but with all the interdependent factors 
taken into account simultaneously The Roischach method, discussed 
on pages 668-660, le a clear example of such a test 
In ordei to make possible a compansou of individuals and at the 
same time ha\e regard foi the jntei dependence of the personality m 
its various aspects, the matching method was devised Heie, as 
opposed to the rating method, no attempt is oidinarily made to 
break down the personality into segments or parts regarded as moie 
01 less independently measiiiable Instead, samples of the subject’s 
gross behavior in two or raoie situations aie compared in order to 
establish relationships wdiich, if piesent, may be based on any or all 
aspects expressed in the samples The method consists in offering 
judges several such samples denved from the behavioi of a small 
group of subjects m two oi more situations The identity of the 
subjects IS not given, it being tho task of tiie judges to match the 
samples, if po'iBible, and thus establish such psychological identity ns 
may exist among them The numbei of correct matchings in excess 
of chance serves as a measure of the extent to which the personality 
expiessions m question reveal an undci lying identity, which it then 
becomes the task of the mvestigatoi to analyze by whatevei means 
be may have at his disposal An example may again be gleaned fiom 
the studies of Wemer Wolft [43] See Fig 2 This investigator has 
taken vanoua foims of expiession fiom subjects — facial photographs, 
photogiaphs of the hands, samples of handwiiting oi of the speaking 
voice— and has piesented two or moie senes of these unidentified speci- 
mens in random order to be matched by neutial judges In one experi- 
ment a group of subjects ictold a stoiy that was first read to them, and 
a verbatim typewntten lecord w'as made of each subject’s version 
Judges were then given thiee of these voisions and & handwiiting 
specimen of each of the same three subjects, with the instruction to 
discover which handwriting specimen went with which story version 
The number of correct matchings obtained was one and one-half times 
greater than would have been expected by chance Wolff points out 
that there must have been some similarity betw'een the style of lotell- 
mg the story and thCi handwriting of the persons being judged for such 
a result to have occurred In similar fashion facial photographs and 
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Fig. 2 Illustration of the matching technique as employed In the Investiga- 
tions of Werner Wolff 

TJ7» obovtf ore^ muilcal noJatloni to bo mafched with tho namoi of thro* compwom Ai Boch, 
Bi Boothovofl, G Moxart (Correct matching* ar«i I B, IhC, IlUA,) (Reproduced by pormliikwof 
Harper and Brothen ) 
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specimen's of recui elect speech have been leliabb'^ matched Natuiftllj; 
it still icmams to di'scovei on \\hat tho coiicct matching judgments 
weie based, but at least one cannot thscaicl the forms of pcisonality 
cxpiesbion as having no iclation^^hip to each otliei, as more segmental 
and less adequate methods of mvostigation have so often done 
A statistical pioceduic ^\hlch is oltcn employed to evaluate measure- 
incnts of peisonahty, whcthei these incasuiements aic m the foim of 
ratings, test leBults, oi data fiom othci souices, is factoi analysis 
Although not a method of diiectly appraising oi investigating a per- 
sonality, factoi analysis has become an important mathematical 
adjunct in studies of peisonality and thus deseives mention, at least, 
m the piescnt account In factoi analysis quantitative data aie 
ticatcd mathematically to uncovei the smallest number ot basic van- 
ables to \vhich the ciuJc obseivations can be reduced and to thiow 
light upon the lelationbhips among these variables Among the out- 
standing wmkeis m thib specialty may be mentioned Spoainian [36] 
and Thin stone [41] Tho inventoiy by Giulfouh descubed on page 
645, icsulted fiom faotoi analybis 


PROJECTIVE METHODS 
General Nature of Projective Methods 

The piojective appioaoh, as distinguished from the subjective and 
the objective ones, attempts to achieve objectivity m the psychological 
sense by inviting the peison under observation to be as ‘‘subjective” aa 
possible In othei woids, the examine! docs not obseive tho oveit 
beliavioi of the subject, m the miniature life situations, to deter- 
mine, let us say, aggressiveness oi submissivcness , noi does he, on the 
other hand, ask the subject to state his opinion ot his own behavioi 
m certain situations or his feelings about ceitain experiences Instead 
the subject is lequested to behave in an imaginative way, eg, by 
making up a stoiy, inteipretmg ink-blots, or constructing some object 
out of plastic material These techniques aie therefoie not objective 
in the sense of the objective methods pieviously discussed, the y do not 
reveal diiectly what the subject does in actual situations However, 
they are intended to reveal the undei lying traits, moods, attitudes, 
and fantasies that deteumne tho behavioi of the individual m such 
actual situations and aie theicfore, if valid, raoio tiuly objective m 
then losults than the objective metlioda thomsolvcs Snniluily, these 
piojective techniques aie dcfliutely not subjective m the sense of the 
subjective methods above discussed, they do nut instiuct tho subject 
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to tell anything about him':»clf In fact, they aie Ubimlly admimstcicd 

such a fa^hioii as to nj22iiroize as far as possible the bitbicct’s pic- 
occupation with himself and to invite instead complete freedom fiom 
any soifc ot self-niticisni Honovei, these methods, bj cnipliasiz- 
mg the inchvidimrs Riibjccti've life— in expiessions of fantasy am! 
imagination — capitalize upon subjccti\ ity, although not upon sult- 
ci iticalncRS 

This lathei abstiaet uay of desciibing projective techniques will 
become clcaiei liom an example or two It has lepeatedly been 
noted that a pezson le'ieals himself — what his experiences have been, 
what his likes and dislikes aie, wdiat his piobleins and ways of thinking 
may be — even in pmcly imaginatne piocluctions In fact, the free- 
dom which an appeal to the imagination pcimits often tends to favoi 
the piojGction of the real peisonalifcy Thus it sometimes happens 
that an authoi tells moie about himself in his fictional works than 
in his con^fciouslj wiittcn autubiogi aphy — a fact that has been noted 
by discoimng liteiary ciitics many times The piinciple invohed is 
actunlJ'v a vei> gcneial one the indnidual ie\eals himself in all his 
bohuvioi to a gieatei oi lessor extent, but most m hi& less sclf-conhcious 
moments, and the ait of peisonahty appiaisal consists Jaigely in the 
capacity to "lead out^^ meanings which the mdividual "reads luto’^ 
the world around him 

The pi oj active techniques thus have m common the following chai- 
actenstics (1) The stimulus mateiial is always ncutial, ambiguous, 
or at least equivocal in its significance, and the subject is expected to 
supply meaning, significance, organization, oi in some othei way to 
leave the impiess of his peisonahty upon the undefined stimulus pies- 
entation For such purpose ink-blots, incomplete stones, plastic 
mateiials, mimatme life toys, meaningless auditory stimuli, and any 
numbei of other media may be made available to the subject (2) 
The psychological leality, latlier than the actual leality, of the sub- 
ject’s woild IS impoitant in the projective techniques The so-called 
facts of the individual’s life may oi may not have shaped his pei- 
Bonality, may or may not now be detei mining influences in hie behavioi 
The attitudes, opinions, ideals, conflicts, and lantasies which populate 
his private w^oild, liowwei, are inexitably impoitant in his present 
adjustment oi maladjustment, and it is to these aspects of psycho- 
logical reality that the piojective techniques turn then sciutmy (3) 
Implicit or imconscioiis aspects of the peisonahty aie lexealed, and 
psychodynainic principles therefore play an impoitant paifc in the 
mteipretations Projective techniques aie, in fart, derived histoiically 
from the fiee-association method employed in psychoanalysis (4 1 
Abuse of these techniques is leadily possible, since at is easy foi an 
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untiained or immature cxammej to iJi'oject hjs ow'd biases and fantasies 
into hiB inteipretations of the subject’s pioductiong 
It 18 possible to classify the projective techniques in vaiioiis ivays — 
fiom the atandpoint of the stimulus mateiial eiuploved, on the basis 
of the end product of the subject's leaction, oi in teims of the par- 
ticular aspects of personality which aie most repiesentafcivelj- levealed 
by each approach Foi the present purpose the last of the throe 
mentioned ciiteiia has been adopted The piocedmes are accordingly 
claasified as motor-expi easivo, pe> ceptive-structw al, and appei ceptive- 
dynainic. 


Motor-expressive Methods 

In the motor-exjnesswe methods the subject expresses certain 
aspects of his peisonahty by the manner m which adaptive acts are per- 
formed Included here are the analysis of handwriting, gait, style of 
verbal cxpiession, voice, and othei motoi activities m which not tlie end 
that tiic behavioi seivea but such dimensions as speed, amplitude, and 
intensity arc relied upon for intoiprotation Although this approach 
to pei-sonahty, long consideied signiflcant in non-professional psy- 
chology, has been fjowned upon by the aoademioally oiicnted expeit, 
more recently there has been n levival of serious inteiest in it Not 
only Wolff but Allport and Veinon [3] and, in the aiea of handwriting 
analysis, Lewinson and Zubin [18] have contributed to this new 
mteiest Even when the approach is not Used exclusively for the 
interpretation of personality, it plays a part as an adjunct to the other 
methods in the present classification 


Perceptive-structural Methods 

Of much wider present application is the pei'ceptwestructural 
approach, in which the subject is peimitted to organize perceptually 
such stimuli as ink-blots or meaninglesa auditory patterns, and from 
which the structural aspects of tlie personality— chief diiection of 
interest (extraversion oi mtiovorsion), impulsivity or solf-icstramt, 
and other aspects of temperament (as contrasted with the dynamics 
of motivation) — are readily derived. 

The Rorschach method of penonolity diagnosis [24] la undoubtedly 
the best-known of these techniques and is, in fact, at present the most 
widely used of all the piojectivo pioccdures In this method ten ink- 
blots aie shown to the subject, one at a time, with the instiuction 
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that he js to tell the examinei what he sees in them — ^what they remind 
him of or could represent See Fig 3 The responses given by the 
subject, as well as the answers to certain questions asked about these 
associations afterward, seive as the basis for scoring and interpreta- 
tion The responses are not scored chiefly according to content, as 
might be expected, but in relation to certain formal characteristics, 
such as whether the whole or parts of the blots are used by the subject 



Fig, 3. Ink-blot similar to thos# used In the Rorschach method of personality 

diagnosis 

in his lesponses, whether and in what combination shapes and colors 
are used, and whether the movement of living creatures has entered 
into the associations Content, eg, the seeing of human figures, 
animals, oi plants, is scored secondarily. The scoiing categories of 
the test, such as movement and color, are mtei preted as signifying 
different functions of the peisonality. intellectual creativity, out- 
going emotions, practicnl-mindednesa, and the like Special attention 
18 devoted to the manner in which vaiious factors are related to each 
other in the expression of the total personality, since it has been found 
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that the picscnt'e oj absence of a«y clegice of a paiticuhu scoring 
category may occur with wjdcly chftcicnt meanings, depencliiig upon 
tlie context of other associated scoies Piom nouns bathed u])on wnik 
witli subjects in vanoiis uTll-chaiactonzcd gi oups— noi nml indi- 
viduals, nciiiotics, and psychotics — ^the pattein of t)ie subject’s scores 
may bo intcipictcd as belonging to one oi anotlici personality inako-up 
Tlio findings tliunv liglifc upon various kinds and dcgiccs of intoJbgence 
(m the bioad ol the teiin), diffciont types of tempoiament, 

ncuiotie tendencies, and psychotic ticncls 
The Rojschach method ha<< continued to gam adhoicnee since its 
mti eduction in 1921 and has been evtended with ceifcam modifications 
foi gioup use Gieat skill js rcquiied m the piopci application of the 
method, since, as in all the inajm piojectivc techniques, there aie no 
right 01 wiung an^^ors that can he looked up in a scoring key as a 
basis for mechanieal mtci pi elation At the same time it should be 
noted that there ftie definite oiitciia ioi the ‘^coung and inteipietation 
of Roisclmch findings and that furthui oftoits to iinpiovc these stand- 
aids aio constantly being made Aithougli this method can be stan- 
daiclizcd, the simplci pvoccdiuea that iuail fui the standardization of 
inteihgeucc tests and peibonality question nan os me not apphoabic to it 
because of its complexity and novelty and cspocially because it icquiics 
the consideration of many intoi dopenclent fnctois at the same time 
Another pciccptivc-stiuctural technique that may be mentioned is 
the taiiiophone, a device uituKluccd imdoi the name ot veibal sum- 
matoi by B F Skinnci [35] ami latci icchustcnod m iclation to the 
projective approaches by Shaltow and Rosenzweig [31] Ileic the 
subject is instnictod to listen while a phonogiaph icpioduccs at low 
intensity vaiicnis speech «^amplos m a man^s voice The subject says 
what comes to his mind as he listens to each speech sample in much 
the same way that ho might intcrpiet ink-blots This ^^auditoiy 
Roischach technique” has as yet nob been fully exploicd but seems 
to havR piomise as a supplement to the legular Rorschach method* 


Apperceptive-dynamic Methods 

The apperccptivc-^dymynic proccduies require, instead of motor or 
pciccptive activity, such complex or higher intellectual fimctioning 
as 18 involved in tlie production of fantasies oi aitistic lOpre^mtations 
(hence appeiccptive) and arc interpicted to icveal tlio theme’s, 
motives, diivcs, and uiges fimdamental to the behavioi of the indi- 
vidual (hence dynamic) Some of tlicse dynamic trends may not 
even be open to the subject’s conscious locogmtion, altliougli they aze 
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implicit in Ills bchftvior These techntciues m e tiius most obviously 
psycliodjmaniic or psychoanalytic w their lefeience 
The most widely used is the Thematic Appeiception Test [21], 
intioduced by Moigan and Muuay [20J in 1936 A sorieto of pictures, 
arranged m appropriate groups foi male and female adults and foi 
cluldienj are piesented to the subject with the instruction to regaid 



Fig 4. Picture similar to those employed In the Themahc Apperception Test 
(Painted by Cordelia Knorr) 


each as an illustration for a stoiy See Tig 4 The subject then tells 
the stoiy by identifying the characters, explaining their relationship 
to each other, describing what preceded the situation shown in the 
picture, and stating an outcome A verbatim record is made of 
each stoiy told and this recoid is carefully analyzed according to the 
major themes revealed, eg, sexual mteieats, vocational ambitions, 
family confliota, and social status It is naturally necessary to con- 
sider the fiequency with which a particular story type occuis, and 
special importance is attached to deviations from the usual story oi 
stones told Of greater significance, however, is the recurrence of a 
given topic, le, the theirmf that may appear within the reooid of a 

m 



given subject aa one pioceeds in the analysis fiom stoiy to atoiy 
Such themata pioject the implicit attitudes, habits of thought, ideals, 
and drives of tlie subject, as well as the chaiacteristics of the chief 
inhabitants of his psychological woild mothei, fathei, sistei, biothei, 
wife, 01 husband Sometimes the foimal chaiactenstics in tlie telling 
of the stones shed additional light (in the mannci of the inotoi- 
expressive techniques) upon the cohcionce oi illogicality ol thinking 
and the dcgiee of cicative ability As with the RoJ8cl]ach method, 
gieat skill, denved fiom bioad clinical cxpeiienco and from extensive 
use of this instrument, is lequiied toi the making of sound interpreta- 
tions 

Of related inteiest, but with application pinnarily not to adults but 
to childien, aie various foims of play techniques Heie the subject 
18 allowed to constiuct scenes by employing dolls, toys, blocks, and 
other building mateimls Although ficquentlj^ used foi cathaisjs m 
the treatment of childien^B peisonality piobloms, the method is also 
impoitant in the thematic diagnosis of personality 

Belonging in the area of the appeicoptive-dynamic techniques but 
of considerably more limited scope than the Thematic Ajipeicoption 
Tost or the vanons foims of play technique is the 2vo)d-‘as80cmito?i 
method This technique consists in picscnting the subject with a list 
of woids, one at a time, with the instiuction to lespond with the hist 
woid that enters his mmd The time lequiicd foi giving each losponse 
and the icsponscs themselves aio noted By the analysis of any 
departures fiom the average amount of time winch tlio subject takes 
to give hi9 responses, as well as fiom a study of the content of unusual 
associations, it is fiequcntly possible to identify ceitain attitudes, 
anxieties, or sentiments This method is of inteiest histoiically, since 
it may be reasonably regarded as the fiist of the foimally set up pio- 
jective techniques Galton [7] and Jung [16] did the chief pioneei 
woik See also pages 696-602 

Among the most lecent piojectiie techniques may be mentioned the 
piciure-asBOcuition method, in which pictiuea of social situations are 
substituted foi woids as the stimulus raateiial In the Pictuio-Fms- 
tration Study [28], foi example, the subject examines a senes of 
twenty-four cartoon-like diawmgs, each of which depicts an oveiy- 
day situation of fiustration oi stzess involving two individuals, 

^ one of whom is usually shown frustrating the other Facial ex- 
pressions and features are purposely not sketched m The frus- 
tiating person is shown saying certain woids that either help to 
desciibe the frustrating situation m which the other person is involved 
or which tJiemselves actually fnistrate this second individual It is 
the subjects task to wuite in the blank caption box above the head 
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of tlic flustiatod chartictci the fiibt a'sociJition that conies into his 
mind as appropimte — not neecssaiily what tlie subject himself would 
say in the situation, but what first comes into his mind as possible foi 
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Fig 5 Four sltuattorw from the Rosenzwelg Picture-Frustration Study 
(Copyright, 1944, by S, Rosenzweig ) 

the pictured character to say See Fig 5 As will be readily appar- 
ent, tins appioach shares with tlie other appeiceptive-dynamic ones 
the asBumption that the subject identifies himself with the character 
in the pictured situation for whom the association is produced, in much 
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the aamc ^\ay that the' heiues of the stones told in the Tliematic 
Appeiception Test aie inteipieted as identical in one response or 
anothei with the subject himself 


INTEGRATION OF THE METHODS 

The thiec main approachc‘5 to tho appraisal and investigation of 
personality — ^thc subjective, objective, and piojcctive— aic actually 
less distinct when piopcily employed than might appear fiom the 
picccding exposition Although it is tiue that the distinction is leal 
in that it 18 possible to follow tho subjective method and ask a subject 
foi opinions about hijnsell, to employ the objective pioccduies m 
which the indi\idual to be studied is obseivcd by otheia iii his oveit 
bchavioi, ox to peimit the subject to ^^piojcct^^ himself into ambiguous 
01 unstiULtuied matciials fiom which the implicit personality can 
tlien be load out, thcie arc still ways m which each of these general 
methods can bo employed so as to wnirant its being classified iindci 
cithci 01 both dI the othei headings 

A bncf iconcntation with rogaul to the tliiec mam approaches will 
help m undor&tamling their lolationshipa better The subjective 
methods aie, in tho last analyais, those m which the subject cxpiesses 
opinions about himself It might theiefoie be said that these 
methods icvoal opinion bchavwj Siinilaily, tho objective methods 
aie those in which tho oveit behavioi of tho subject is exposed to the 
view of the cxaminci In this case, liowevci, it needs to bo borne in 
mind that the bchavioi ot the subject, whether in the miniatme life 
situation or m the life bchavioi to which a judge might have rcfeience 
m giving latmgs, is not open to duect intcrpietation Overt behavior, 
although pel haps a moic ichable index to undei lying peieonality than 
opmion behavioi, still involves covert personality factoia that aie not 
dnectly obseivablc m tho behavioi itsell It is at this point that it 
becomes possible to appieciate how'' the implicit behavioi of tlie pro- 
jective techniques probes deeper than cithoi ol the othei appi caches 
The determinants of both the opinion behavioi and the oveit behavioi 
of the subject may thus be levealed if the piojcctive piocedures aie 
successfully employed, and lieiein lies their peculiar advantage The 
1 espouses elicited in thorn, while in themselves seemingly trivial oi 
oven fantastic, aie assumed to be icpicsentativc of tho underlying 
tiends of the personality or of those implicit clmractcristici^ m teims 
of which the subject cainos on I>i 3 peisonal, social, and vocational life 

Neveitheless, as has aheady been stated, it is possible for any of 
the other two mam approaches to approximate the piojective tech- 
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niques; provided tliat sophisticated methodology is employed In 
fact, the preceding icstatement of the subjective methods involving 
opinion behavior aheady implies such a leoiientation Instead of 
regarding the responses in a personality questionnaire, foi instance, 
as valid at then face significance, it is possible to think of them as 
the piojection of the subject^s own opinions about hiiubelf — opinion 
behavioi — and to intcrpiet the findings m relation to the results of 
othei techniques as a cnteiion ol insight oi mtegiation in a way that 
IS far more meaningful Not only tlie total scores from a personality 
questionnaiie but also the answers to mdi\idual items must then bo 
sciutmized The interview may similarly be conducted so that it 
becomes not a matter ot getting answers to specific questions but an 
oppoitunity fo2 the subject to leveal hnnself spontaneously in much 
the same fashion that he might in responding to unstriictuied mk-blots 
Such a spontaneous interview proceduie has been discussed and con- 
trasted with the moie constiained type ol question-and-answer 
metliod 

It may thus be concluded that all thice of the mam appi caches 
can yield valuable data if piopcrly employed, and that, although they 
may be distinguished quite validly foi pui poses ol exposition, a moie 
useful way of thinking about them is to empliasize the typo of 
behavioi — opinion, oveifc, oi implicit — ^whioh each yields It is then 
necessary to add that the opinion behavioi of the subject, while highly 
Bupcificial m some lespects, is vital for a lull understanding of him, 
since important self-critzcal defenses are liere involved that are as 
much a part of the peisonahty as anything else The full understand- 
ing m question similaily requiies that the somewhat more revealing 
overt behavior of the subject also needs to be taken into account, to 
know how the subject behaves in miniature or actual life situations is 
certainly of gieat value to a complete understanding of him Theie 
still remains, howevei, those implicit deteimmative aspects of behavior 
that aie haidly open to direct observation in the overt behavior of 
the subject but which the projective techniques can illuminate 

The meeting of the three mam approaches becomes the more impor- 
tant m view of the interdependence of the total personality, which 
nearly every student of human nature now legards as a basic postulate 
Although the projective techniques emphasize this point of view more 
completely than do other appi caches, it is obvious that these other 
methods can contiibute to the picture of the total individual aspects 
which may not be evident from the piojcctive techniques alone The 
necessity for the multiple study of a person is apparent whatevei 
tlieoietical standpoint the inve&tigatoi may adopt The personality 
IS 80 complex both m its facets and in the levels of its opeiation that 
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to hope for any simple or Inmtcd tool which will yield all thcie to 
know 16 fatuous Both in clmienl pjactice and in fundamental 
leaoaich, fclie appiaiaal and investigation oi pei&imality at tlie present 
tunc demand a composite plan of attack in which opinion, oveit, and 
implicit behavioi are all elicited and evaluated in a comploiuentaiy 
fashion 
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Chapter 1 9 


Meth ods and Techniques in 
Cli nicdl Psycholosy 

The Late Andrew W Browrd 


The teira clinical psychology is used with two quite distinct inean- 
ingSj A\hich it 13 necessaiy to distinguish at the outset The expiession 
IS fiequently used to indicate a bianch oi subdivision ol the total 
held of psychology, just as the teim oigamc chelnl‘^t^y designates a 
Inanch of chemistiy oi physical anthiopology delimits a coitain aiea 
of the gcnoial field of anthioiiology The tcim is also ii«ecl to indi- 
cate a method of aj^pioach in the study of human behavior In this 
chaptei the term yill be used in both senses In most instances the 
context will make the meaning cleai 
Foi the most pait, howcAei, this chaptei will be conceined ^ith 
clinical psycliology as a method of appioach Most oj the metliods 
used m the investigation of human bchavioi can be gioupcd into tlnee 
laigc categories (a) tlie expeimjental appioach, \b) the diffeiential 
01 statistical approach, and (c) the clinical appioach (See Chaptei 
1 ) Each of these metlmds has its own peculiar advantages, and each 
has its limitations No one of them is sufficient in itself to supply 
all the data necessary to constnict a systematif body of knowledge 
which might be dignified by the teim science To he suie, these 
methods are not shaiply diffeicntiatcd, and m any paitieulai investi- 
gation two 01 even all tlnee methods might be employed 
In the statistical approach the experinieutei staits with some 
hypothesis or with some assumption winch it is his intention to investi- 
gate He usually develops some inetmments oi tests of Ins 
which can be treated quantitatively or uses those alicady available 
With the aid of these instiuments he collects samples of the behavioi 
of a large numbci of individuals in i elation to the pioblem undei 
investigation Then, with the aid of statistical devices and tools, he 
analyzes these data and ariives at some generalisation oi theory in 

1 Formerly Asaoemte Professor of Psychologj^, University of Chicago 

S69 



regard to Junnaii natuje Dunng the past 25 yoais this hay been 
one of tlio most faintful methods na psycliologacal aebenarh Sucli an 
Bppioach has the advantage of clcai'; stinightloiwaid; inductive lugiC; 
precision of definition of eoncejatst and rliioctness of mtcrpiotation 
Its chief limitation lies in the fact that impoitnnt nieas of human 
behavioi have not as yet been subjected to statistical study and 
analysiB 

The expel imcntal method too has its distinct advantages and also 
its limitationB A student pursuing this approach will set up his 
hypothesis, cstabli‘^h iigid contiols, keep all vaiiabics constant except 
the one undei investigation, UbC the most icfincd instiuments available 
for the study of the phenomenon in question, iccord hits obscivatiou, 
analyze his data uith as much piecision as possible, deduce his con- 
elusions, and retest liib hypotJiesis, and will make the whole piocess 
^'public and repeatable This is tiie time-honored scientific method, 
and in the long uin all deductions must be submitted to this ugoious 
method of discovoiv and pi oof before they aie admitted to the body 
of knowledge called sctcncc 

In the study of human bohavioi, howc'sev, this method has ccitain 
limitations Often the behavior being nbsoivcd in tlio cxpciimcnta! 
situation IS isolated and out of context and may bcai little causal 
relation to smnlai bchavioi as it occuis m an actual life situation, foi 
the simple reason that in the actual life situation the iactois condi- 
tioning the behavmr aie quite diffcient iiom tliobe set up in the 
laboratory experiment 

The clinical method of nppioach to the study of luunnn behavioi 
lacks the objective rigidity of cithei of tlie othoi two mctliods and to 
the extent that it lacks this rigidity may correctly he regauled as 
unscientific This much, however, is true it piovidos mfoimation 
which it 18 aa yet impossible to secure by cither of the other methods 
In fact, it IS fanly generally lecognized that the ^^probloms’^ of an 
individual case cannot bo understood without the use of clinical 
methods The natuie ol these methods will be made cleai m this 
chapter 


Delineation of the Field 

Two or three methods, none of whicli is dcfinitivo, liavc been used 
to determine tlio boundanes of an applied science One method is to 
accept a priori definitions of the field A second method is to survey 
the work being done by those in the field and from such a survey 
make a "job description^^ of the tasks pciformed. A thud method 
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IS to investigate the type of tiaming leccivccl by those engaged m 
the activities involved All oi thc^e methods have been used The 
difficulty \Yith them is that one finds such vide langes of opinion and 
piactice that definitive 0011010*^10118 aie difficult 

If the boimdaues aie set by a pnon definitions, then clinical psy- 
chology has a wide beith indeed Foi example, the committee of the 
clinical section of the American Psychological Association lecommends 
that the toim clinical psyclmlogy “be used to denote that ait and 
teclmology which deals with the adjustment juoblems of human 
beings ” Again, Doll defines clinical psychology as *^the science, 
technique, and aii> of emjiloying psychological principles, methods, 
and piocecliuea to promote the welfaie of the individual person foi 
pui poses of optimum social adjustment and self-expiession’^ [ 6 ] 
Theie is substantial agi cement in these definitions, wdnch make clear 
that clinical psychology conceins itself with both the diagnosis and 
^‘tieatment^^ of the psychological, 1 e , non-medical, i)ioblems of human 
bemga 

If the boundaiics of the field and conseciucntly the methods 
employed aie empiucally detcinimcd tluough a survey of the work 
actually being done by those who call themselves clinical psycholo- 
gists, then again theic is wide latitude Such sui\cys [ 5 , 6 ] have 
showm that the clinician is engaged m a voiy wide variety of activities, 
langing all the wmy fiom simple psychometucs (usually under the 
dncction of a supciior) to independent consulting work wfficre difficult 
pioblems of diagnosis and tioatment aic encounteied 

Finally, if the limits of the field are to be detei mined by the type 
of pioblems which the chmcian by light of his training and expeiience 
13 piepaied to handle, then the variety of tasks within the clinical field 
IS even greater than it detei mined by either of the other methods 
The diffeiencG in the training of psychologists in clinical piaetice is 
veiy gicat, ranging from the AB degree, with perhaps a major in 
psychology, to the Ph D degree, involving several years of gi^aduate 
training and experience 

Whethei the limits of the field are deteimined by a pi'iou definition, 
by an empiiical suivcy of the tasks peifoiined, 01 by an investigation 
of the ti Hilling the psychologist leceives, it is clear that if he is to 
pel f 01m at the highest level he must be prepared to cope wuth a wide 
vaiiety of pioblems These pioblems range all tlie way fiom detei- 
mmmg a Stanford-Binet IQ to analyzing complex personality prob- 
lems and effecting an appropiiato method of re-education It is of 
course assumed m the foregoing statement that, when either medical 
or legal problems aio involved, the psychologist works in cooperation 
with a qualified physician 01 psychiatiist 
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legarcl to humftii natuio Dming the past 25 jeais tlus Jias been 
one of the most fuutful methods m psychological lescaicli Such an 
approach has the advantage of cleai, etiaightlorwaid, inductive logic, 
piecision of dehftition of concepts, and dncctne^'S of )ntci]ncUt}on 
Its chief limitation lies m the fact that impoitniit aicas oi human 
behavior have not as yet been subjected to statistical •^tiidy and 
analysis 

Tho expel imental method too has its distinct advantages and also 
Its limitations A student pin suing this appioach ^vill set up his 
liypothesis, establish iigid contiols, keep a)] variables constant except 
the one under investigation, use the most lefined instiuments available 
for the study of the phenoinerion in question, iccoid his obsen^ation, 
analyze Ins data with as much piccision as possible, deduce his con- 
clusions, and retest his hypothesis, and \mU make the whole pioccss 
‘^public and lepea table " This is tiie timc-Iionoied scientific method, 
and in the long run all deductions must be submitted to this iigoious 
method of discovciy and pi oof bcfoio they are admitted to the body 
of knowledge called science 

In the study of human bchavioi, howcvei, this method has certain 
limitations Oiten the behavioi being obbci\ed m the experimental 
situation IS isolated and out of context and may bcai little causal 
relation to similai bohnvim as it occuis m an actual life situation, foi 
the simple leasoii that in the actual life situation the factois condi- 
tioning tlic behavior aic quite cliftcient fiom those set up in tho 
laboratoiy experiment 

The clinical method of approach to tho study of human behavior 
lacks the objective ngiditj of either of t)ie othei two methods and to 
tho extent that it lacks tlm iigidity may coiiectly bo icgardcd as 
unscientific This much, however, is tiuie it piovides infoimation 
which it 16 as yet impossible to eoouic by eitliei of the othei mctlnxls 
In fact, it is fairly gcueially lecognized that the ^'pioblems'* of an 
individual case cannot be understood without tho use of clinical 
methods The nature of these methods will be made cloai m this 
chapter 


Delineation of the Field 

Two oi three methods, none of which is definitive, have been ueorl 
to determine the boundaries of an applied science One method is to 
accept a priori definitions of the field A second method 13 to survey 
the woik being done by those in the field and fiom aiich a survey 
make a **3ob description” of the tasks performed A third method 
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IP to investigate tlio typo of training leccived by those engaged in 
the actiuties iinolved All of these methods have been used The 
difficulty with them is that one finds such wide langes of opinion and 
piactice that definitive conclusions me difficult 

If the boundaiies aie set by a jinon definitions, then clinical psy- 
chology has a wide beith indeed Foi example, the committee of the 
clinical section ol the Ameiican Psychological Association recommends 
that the tonn clinical ])bycliology used to denote that art and 
teclmology which deals ^\ltll the adjustment piobleins of human 
beings ” Again, Doll defines clinical psychology as ‘'the science, 
technique, and ait of employing psychological pnnciples, methods, 
and piocedurca to promote the welfare of the individual person for 
purposes of optimum social adjustment and self-expression*’ [6] 
Theie is substantial agreement in those definitions, which make clear 
that clinical psychology concerns itself with botli the diagnosis and 
“tieatment” of the psychological, i e , non-mcdical, pioblems of human 
beings 

If the boundaneB of the field and consequently the methods 
employed aic cmjniically deteiinincd thiough a suivey of the woik 
actually being done by those Avlio call themselves clinical psycholo- 
gists, then again theic is wide latitude Such suiveys [5, 6] have 
shown tliat the clmician is engaged in a voiy wide vaiiety of activities, 
langing all the vay fiom simple psychomotiics (usually undei the 
diicction of a BUjioiioi) to independent consulting woik where difficult 
pioblems of diagnosis and tieatment aic encountered 

Finally, if the limits of the field are to be determined by the type 
of pioblems which the ciinicmn by light of Ins tiamiug and experience 
IS prepared to handle, then the vaiiety of tasks withm the clinical field 
IS even gi eater than if determined by cither of the othei methods 
The difference m the tiaming of psychologists in elmical practice is 
veiy gicat, langmg fiom the AB degiee, with perhaps a major in 
psychology, to the PhD degieo, involving seveial years of graduate 
tiainmg and experience 

Whether the limits of the field aie dctei mined by a pnon definition, 
by an empirical sinvey of the tasks pci formed, oi by an investigation 
of the tiaimng the psychologist receives, it is clear that if he is to 
peifoun at the highest level he must be piepaied to cope with a wide 
vauoty of problems These pioblems lange all the way fiom deter- 
mining a Stantoid-Bmet IQ to analy 7 ving complex personality piob- 
Icms and efteoting an appropiiate method of i o-oducation It is of 
course assumed in the foregoing statement tliat, when eithei medical 
or legal piobleme aic involved, the psychologist works in cooperation 
with a qualified physician or psychiatrist 
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The Problems Confronfed by the Clinician 

It la evident fiom vhat has ju^t been staled that the pioblem of 
methods IS incxtiienbly aasoemted with the problem of the delineation 
of the field If, as is assumed in the pievious section, the clinical 
psychnlogi‘=^t is to pcitoim the very sciioub and lesponsible task ot 
giving tcLlimcal advice on comj)lo\ pioblems of human boliavun and 
adjustment, he must be adequately prcpaiccl, othonvise he may do 
himself, bi 3 client, and lua piolob'^um incalculable damage In otbei 
avoids, the clinical psychologist, especially if he is to be a ^‘geiieial 
practitionei’^ oi consultant, must be adequately cqiuj^pcd with a 
^aiiety of techniques and methods foi the analyses and tieatment ot 
a laige vaiicty of belm\ioi deviations 

The pioblcnis of human bchavioi AVith which the clinician at one 
time 01 another may have to deal nio complex and numerous 
Ackeison [1] lists some 300 diffcient pcisonahty and conduct piob- 
Icms foi wluch childicn and young people ha\c been lefeiicd to a 
guidance clinic Theic is conbuleinble overlapping m the notation 
of these piohlcms, but with allowance loi this oveilapping his study 
mclicalcs a w'ulc langc The iiumbei of bchavioi deviations in any 
inclivulml langcs fiom 1 oi 2 to us many as 100 m cxtiemc cases, wuth 
an nvciagc aumnd 5 for pcisonahty pioblems and aiound 7 foi conduct 
pi oblcms 

The most ficquently appealing bchavioi dillicultics and leasons 
for icfciung to the clinic, as noted by Ackeison [1] in 5000 consecii- 
ti\e clinic eases, me shown in Table I The problems piescnted in 
Table I me those noted by psychiatubts, pliysicians, social wmikcrs, 
and psychologists and mentioned m the case lecoid and tabulated 
by the icscaich w^orkei The *‘pci cent'' column indicates the numbei 
of cases m which n given pioblem was noted m the lecord 

Theie arc several factors wduch dcteimine both the typo of pioblem 
and the frequency of its occuucnce A publicly suppoitod fice ciinic 
will have quite a different clientele fioiii a piivate clinic The 
^hntako" policy likewise a selective factor Moreovei, the problem 
iccoided in the rccoid wull depend upon the particular biases of the 
profe‘Jsional workeis m ehaigc The percentages thoiofuic must be 
legal ded as only a lough approximation of the tiuo pcicentages m 
the general population 

It wull be noted fiom Table I that a large number of piobloins seen 
m tlio clinic might bo described as oonduet oi personalit}- disoideis, 
and the methods employed in dealing wuth them are those which have 
been found efYcctivo m diagnosis and treatment It is impoitnni, 
howevci, to recognize that them aie many other types of clinical 
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TVBLE I 

Frequently Appearino Clinical Problem b 
ProbleniB 

Per Cent 


NorvouBness, lOBUcsancsq, iinlablo tomporaniont 41 

Difiolicrhciiro, mcorngibility, stubbornnoHa, rontiaiincss, dohaiit attitude 40 

Hotardfitioii in fichool 37 

Quoatlon of fcGbloraiudccIaeas oi indequato mteihgenee 31 

Tompor dmplay, "tantmnifl/' imtablo tempciamoiil 31 

Dull, alow inannoi, listlmsnosB, lack of iiutmtivc oi ambition 30 

Stcabng 26 

Immaturo childish manner or judgments, impaiii-d judginoiit 26 

Fighting, quai rclsomenogg, violnnco, and threatening violence 26 

Enuresis or liedwottmg (l^eyond third birthday ) 26 

Lying, inaiked imtruthfiUneas 24 

Advice regarding placement, commitniont, or institutionaliznlion 21 

Poor work in school 23 

*‘Ci7ing BiMills/^ crying oaaly 22 

Truancy from school 10 

Maatuibation It) 

Truancy fioin homo 18 

SonaitivcnoHS or woirisoinoncss (general j, sonsilivoncHs or wony oyer some 
specific fact oi episode 18 

Bashfulaofls, shyness 17 


pioblems which the psychologist is expected to handle eithei alone 
or in eoopeiation with a physician oi psychiatiist 
For example, epccial methods and techniques aic leqnired in dealing 
with the many difficult social and psychological problems of the blind 
or paitially blind, the deaf and haid of heanng, the physically and 
mentally handicapped, the spastic, the epileptic, the postencephalitic, 
the bright child retarded in school, the child with seveie leading diffi- 
culty, the peison xsith speech difficulties, and the individual who has 
difficulty in making an adequate vocational adjustment All these 
requiie special, clinical methods and techniques ’which the psychologist 
must be equipped to employ Woild Wai II has piobably increased 
the numbei of pioblems and consequently the demand foi trained 
clinical psychologists, but piobably has not increased the variety of 
pioblems War neurosis, battle fatigue, etc, are simply old pioblems 
with new names 


The Clinical Approach 

It will be helpful at this point to recall the definition of clinical 
psychology stated at the beginning of this chaptei and note now the 
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implication foi clinical mcthode Chnioal psychology was flofinecl 
as ‘^thc aifc and technology of dealing \uth the adjustment jnohlems ol 
human beings’’ In this definition thoie aio aevoial implications foi 
clinical methods fiist, that the inethods aie applied to an individual 
case, second; that the individual 1ms some ‘‘j^roblem”, thitd, tliat both 
methods of diagnosis and tieatmcnt aio employed m dealing with these 
problems, and touith, that the clinical appiouth is an ait as \\cil as 
a science and a technology It is iinpoitant that these aspect* be 
omphasued, as they give the clinical appioach its nniqucneas 
It IS cleai fiom this definition that clinical mcthode may include 
a wide range of tocliniques In fact, any device, scheme, piocedure, 
or instrument which a tiamcd psychologist can use and which will 
give him a bettei undei standing of hiunan bchavioi oi assist m its 
modification may ngbtfully bo logaidcd as falling within the tcopc of 
clinical inethodB If, for example, the opeiation of an clcctiocncepha' 
lograph (see pages 448-451) is neccssaiy foi the imdci standing of 
the pfiycliologica] problems of ejiilejisy, then this becomes a chnicaj 
instillment If knowing limv to give, seoie, and intcipict the 
Rorschach test (see pages 568-560) provides the clinician with a 
tcclmicfuc for a bettci imdoist'indmg of human motivation, then 
too becomes a clinical device, if a masteiy of the technique of psycho- 
diama increases the psychologist’s skill in ti eating behavioi mulad- 
justmenta, then this too falls within tJic scope of clinical methods 


METHOD OF DIAGNOSIS 

It IS obvious that the methods used in the analysis of any clinical 
case will vaiy with the problems involved The appioach m studying 
the pjoblems of a juvenile delinquent will, foi example, he quite 
diffeient from that involved in examining a blind child to deteimine 
whether he should be sent to a school for the blind oi to an institution 
for mental defectives Although the details of the method may vaiy 
with the individual case, ceitain aspects of the approach are similar 
in their broad outline in all cases These will be presented in the 
following eeotions^ 


Physical Examination 

Every individual coming to a psychological chnic or being seen and 
^^treated” by a psychologist should have a caieful pliysical exanunn- 
tion either by a physician m the clinic or by the family clootoi The 
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psvcliologist should liold to this lulo falily iigidly, even though 70 
to 80 pei cent of the casea so examined by competent physicians are 
lepoitecl negative It is impoitant that the psychologist, in attempt- 
ing to inodiiy the bduiMoi of any iiulividual, should know ^^hethe^ 
the behavioi exhibited is of a functional oi ot an oigamc basis If 
the basis is oigamc, then the psychologist should woiK in close coop- 
eiatiou with a medically tiaincd peison If, foi example, the pioblem 
IS tnmney fioin school, the psychologist's fiist task is to lule out the 
possibility that the tiuancy is the icsult of postencephalitis, a biain 
mjuiy, 01 some othex physical defect 


The Case History 

Peihaps the most nnpoitant single instrument in the clinical exami- 
nation IS the case liistory It is the onJy metliod by which the 
psychologist can gam an undei standing ol the development of the 
behavior Psychological insight into the natuie of any pioblem can 
be gained only by a knowledge of the foices, in their chionological 
lelation^^hipb, winch have acted upon the individual and to which he 
has reacted to make him what lie is These cnviionmental ‘Afield 
foiccs'^ include not only those wdiich constitute the cultural and com- 
munity pattern, but also the subtle into action in the immediate 
family gioup to wdnch the individual has been exposed Especially 
impoitant aie the foices to which the individual has leacted in the 
eaily yeais of his life, as these leactiona foim the habits of thinking 
and acting which become selective and contribute heavily to the deter- 
mination of Ins latex behavioi In many clinical cases the histoiy 
alone not only gives an adequate diagnosis of the problem, but also 
suggests the methods of treatment 

The casc-hiatoiy method has frequently been ciiticized as unre- 
liable and consequently unscientific as a method of approach in the 
study of human behavior These ciiticisms have been based on two 
important observations Fust, the repoit depends upon the memory 
or lecall of past events of eithei the client or the informant, and recall 
IS known to be inacciuate, especially when one is asked to lecall 
events oi several ycais ago Second, any lepoit is likely to bo given 
either with a ^‘halo effect^^ or with a bias, and consequently it may be 
eitliei consciously or unconsciously distorted These are sound objec- 
tions and must be taken into aocoimt both in secuiing and in inter- 
pieting the case histoiy They aic not, howevei, sufficiently pertinent 
to warrant the rejection of the case histoiy aa a scientific method 
Instead, the psychologist should use every possible technique to mini- 
mize the chance of erior 
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In taking oi iccoicUng the ca^c hi^toiy, the climcian iccognizes that 
tlie iccall o( events likely to be iiuiccinate, and he is eunatantly on 
guaul and silently enfcieal of data lepoited lie checks and examines 
them fiom as many diffeicnt points ol mcw as possible IIo is on the 
watcli foi consistencies and inconsistencies in the icpoit The expcii- 
oncod iustonan is likely, dining the initial stages of this fact-finding 
luteiMow, to foim h^potlicscb lugaiding the iamily, the paicntal lela- 
tiouship, the maiital iclationMup, the sibling lelationahip, the economic 
fatafns, 01 othci possible causative factois He liolds these hypotheses 
tentatively and dimng the inteiview is in a continual piocess of 
levising and changing them He skillfully directs the interview in 
buch a inannei as to test the hviiothescs In tins jnocess an cnoi in 
the repoit of a single e\ent is not a bignificant mattei, as the test of 
tlic hypotheses depends not upon the veiacity of a single statement 
but upon the lelationsliip of a constellation of events, ivhich it is 
difficult to falsify 

The histoncal data lequnecl loi the undeistandmg of any given 
case will depend, to some extent at least, upon the pioblem involved 
Foi example, it is of little value to scciue a detailed leport of the 
mental and plivsieal \Yelfaic of the paternal and nmtoiiml grand- 
pa! cuts 01 the aunts and uncles of a young child zefened to the clinic 
bccaiiac of uail biting, thumb sucking, or cnuicsis On the othei hand, 
such iiifoimation may bo veiy nccessaiy and peitmont il the child 
was lefeiied because of mental letaidaticm oi some kind of seiaure 
Consequently, any outline foi wilting oi lepoiting a life hiatoiy is 
only suggestive Foi some cases it may not be adequate, foi otheia 
it may be in too gieat detail, and ficquently much of the iiifonnation 
it calls foi will not be peitment 

Space does not peimit the inclusion m this chaptei of a detailed 
schedule foi taking a case histoiy^ The following broad categories, 
with some of the details, indicate a few of the impoitant lines of 
mquiiy necessai7 foi underbtandmg most cases A summaiy of the 
outline is piescnted m older to give an ovei-all view of the factoxs 
coDSideied impoitant in clcteniaming behavioi patterns 

It will bo obseivccl that mquny into thiee general aieas is stiessed 
flist, the organic, physical, and physiological, second, the environ- 
mental, and, thnrt, the mtei action between these two, including the 
influence of tins intci action on subsequent behavioi 

2 The student will find two of thcao included m References 4 and 10 
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Summary 

OP 

CASEJ-HiaTORY OUTLINB 

I Identifying data 
II Statement of problem 

III Congenital and physical factors detei mining behavior 
A Cougenitil factors 

B Physical factors (developmental) 

IV En\uonmental forces or situations which have influenced behavior 
A Faotois in the home 

1 Father 

2 Mothoi 

3 Siblings 

4 Physical conditions 

5 Method of control and supervision 
B Community and cultural factors 

C Educational factors 
r> Occupational factois 
E Beoreational factors 

V Reactions to the congenital, physiological, and cu\ironmental forces, which 
may have in turn influenced piesent behavior 

A Reactions m eaily childhood 
B Reaction in later childhood and adolescence 

VI Sources of information 


Casp-history Odtlinb 

I Identifying data 

Name, date of biith, age, sex, race, mautal status, grade m school, occupa- 
tion, names of members of family 
II Statement of tlie problem 

Who is refen mg the case and why? What is the nature of the behavior 
disturbance? Who is being disturbed? Give specific examples In some 
cases it may be helpful to give at this time a brief history of the evolution 
of the problem 

III Congenital and physical factors 
A Congenital factors 

Inquire regarding maamty, feeblemmdedness, epilepsy, glandular dia- 
ordeis, alcoholism, ^^uervous breakdowns, instability, queeraess, etc, m 
the maternal and pateinal lelatives, parents, and siblings 
B Physical factors (developmental) 

Inquiie regarding condition of mother during pregnancy, nature of de- 
livery, careful history of any biith injury, childhood diseases, (give 
coui'se and any residual of each) , accidents, convulsions, fainting spells, 
glandulai distmbancos, attitudes of parents toward health, age weaned, 
age of walking, talking, teething, inquire especially regarding diseases 
of the noiwoua system, encephalitis, chorea, ^^neiwouaneas,” nervous in- 
digestion, piolonged sleeping spells, secuie height and weight norms, 
secure leport of medical or physical examination 
rV Environmental forces or situations 
A Factors m the home 

1 Father 

Inquire regarding his own childhood experiences, his education, occu- 
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pation, and oconoinu Htalus, roligion, niul doiiunant personality 
Iraita Hih attitude lowmd wife and siblmps kindly, svmpatiietio, 
dominating, domoiiatu, ole Hobbies, lecreatioiial lUtoiests, talents, 
physical ehauu teiistics, fiiiHtiations, and other important factom 
which may liclp to mdicafco his infliionco on the beha\ lor of the client 

2 Motlici 

Same as foi fathei, and m addition inquire icgaiding tlio expression 
of the maternal lelationship Is it one of rejection oi o\ei- 
protection? Follow up, depending oti tho pioblein oi tlio tcutatno 
hvpotheHis established 

3 Sibling mlei relationships 

Attitude toward each othei, their health, imduo quarreling, rivalry, 
closely knit, 8(.hooling, present whcieabouts, oi occupations and 
activities 

4 Physical conditions in tlio homo 

Secure a brief chronological account of home hfo fiom birth to 
present time, inehidmg changes m lesidcnce, fostei-homo placement, 
or the like Inquiie rogaiding ordcrlineBs, cleanliness, logulantj, 
sleeping aiinngements, facilities foi locieation 

5 Methods of control and supemsion 

Inquiio if parents oponlv disagree in regard to disoiphno Are they 
consistent? What kind of* discipline, bubes, throats, doprnations? 
Are the parents indiilgont, lax, lopiessno, cruel, just and sonflible? 
Are tlieiti liomc duties oi responsibilities? 

B Community and ciiltpial factoia 

Inquiro legarding natioualiU and religious backgiound, extent of pniti- 
cqiation m elunch activities, political actiMlies, economic and social 
status of fnmdv m comniunitv, extent to wlucli family has accepted 
the dominant community culUne 

Inquire regaiding ncighboiliood, if possible give dohnqnency oi othei 
rates, dominant nationality, economio status, typos of dwellings, social 
controls, locreational oppoitunitics 
C Iklucational factors 

Inquiie logarding ago of entoimg, record schools attended, with location, 
grades repeated or skipped, any special difBculties m school subjects — 
reading, anthmetic, eto Attitudes toward teacher, subjocts liked most, 
cxtrncurriculai activities, evidouco of leadoralup, lank in class, edu- 
cational plans and ambitions 
D Occupational factors 

Inquire legatdmg jobs held, reasons for changing jobs, dates of change 
vocational interests and ambitions What has determined them? 
Special skills 
EJ Recieational factors 

Inquire rcgouding leisure-timo activities Are they solitniy or with 
gioups? la subject sought out, toloiated, or rejected by others? Are 
there signs of leadership? Kinds of activities enjoyed? Do other 
members of family participate? Membcialup in gangs, clubs? Docs 
subject ha\o hobbies oi special interests? 

V Heactions to tho congenital physiological and environmental forces, winch 
may have influencod present behavioi ' 

A Reflotiona in early cluldhood 

Emotional reaatwia, inqune regaidmg tamper tantinime and how met 
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by i)aieat5, signa of stubboinnoss, mi'=?inciomne'jq, sulking Fear re^ 
actiom, their ongin and how li and led by paients, any night tcrrorB 
or sleep walking Love reaotiom, attachment to parents, dependent, 
o\eraffecUonate, shy, feaiful Thumbgucking, nail biting, masturba- 
tion, etc 

Is subject unusually sensitive, withdrawn, and secretive? Is he aubject 
to ciymg or laughing spoils? Does he laugh apontaneoiisly and freely? 
Is he listless, distractable, Inpeiactne? Is he quarrelsome, impatient, 
selfish, cniel to other ohildien oi to animals? Is he inattentn e, ciis- 
interested in sunoundmgs, fussy, lepressed, tense? 

B Reactions m latei cluldhood and adolescence 

Inquire legardmg freedom of expiession, dependency on parents Ib 
subject becoming emancipated fiom parental control? Is he happy m 
group artiiities? Is he predomiDantl> happy and carefree, outgoing, 
extroverted? Does he haie many friends, is he a lender? Is he at 
ease with the opposite sex, does he date? What are hia dominant 
recicational activities? Has he had any delinquency recoid or any 
contact with law-enfoicing agencies? 

VI Souices of information 

List all sources of information m ordei of impoitaiice (amount of informa- 
tion lecencd) Gne name, addiess, and relationship to child of each 
person furnishing mforniatioii Statements of other than the mam m- 
fonnant should be so indicated 

Impression of the infomiant note appeamneo, intelligence, personality, m- 
sight, attitudes, and coopeiation Evaluate the i eh ability and adequacy 
of the information given Evaluate tlie mfoimant's capacity, mtellectiially 
and emotionally, to cooperate in a plan of tieatment of tho child 

List all social agencies who have had contact with the family (rehof, 
medical, psychiatric, and othei agencies) and tho history of the contact 
of each Include reporle fiom agencies m the body of the oaae history 
under appropriate headings, mdicatmg source in every case 


The Clinical Interview 

Interviewing constitutes such an impoitant aspect of clinical pro- 
cedures that any tieatment ot it which can be given in a section of 
one chaptei must of necessity be very inadequate Yet such a chapter 
would be incomplete without some lefeience to this subject 
The mteiview is one of the clinician's most impoitant instruments, 
because it is on the inteiview that he must rely for much of his data 
and it IS thiough the mteiview that he must cariy on much of his 
“treatment^' It is highly important therefore that this ait be care- 
fully cultivated and lefined The clinician will find that a highly 
developed skill in this diiection is indispensable to successful clinical 
piactice The student who vushes to become tlioroughly acquainted 
with intei viewing techniques will do well to lead tho excellent discus- 
sions provided by Bingham and Mooie [2], Gaiiott [7], Rogeis [16], 
Symonds [17], and Williamson and Barley [21] 
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As alicacly indicated, there nic two eliicl pin poses for winch the 
interview is used fiist, to seeuic infoiiiiation, and, second, to impart 
infoimatiou In sonic instances both these functions tuc peitoimed 
at the same tunc Theie aic many dillcicnt pui poses foi which a 
clinician may wnsh to seciiie infoinmtion, just as tlieic aie many 
diffeient puiposes foi which he may wish to impart inloimation, and 
the technique ot the inteivicwei will vaiy with each occasion Cei- 
tainly the appioach in public-poll intei viewing oi in n coiiimei cial 
suivey IS quite difleient from that used in sccuiing the life histoiy of 
a neuiotic patient, yet in each case the intcivicw is to sccuic infoima- 
tion for a ceitain purpose Again, the tccliniquc used in the final 
interview of a young man who has been lofcricd loi vocational guid- 
ance will be quite diffeient fiom that in a non-dnectivo theiapoutic 
interview [15], yet tlie purpose of both is to impait ceitnin infoima- 
tion Moreovei, the intoivicw will vaiy with age, sex, the natuio of 
the pioblem, the peisonality of the client, and the attitude the client 
bungs to the interview situation 

So ninny circumstances can altei the method used m seeming oi 
irapaiting mfoimation that it may seem hazardous to attempt any 
goneialization Theie are, liowcvci, some lules which nie held 
inviolate In clinical practice most of these become so much a part 
of the clinician’s technique and mannoi that he is not conscious of 
using them 

Fust, the clinician must have a genuine interest in the welfare of 
his client There must bo a warmth of feeling and undoi standing 
which the client at once recognizes as leal and sinccie It is not 
enough to smile blandly and talk sweetly, the client must have a 
feeling of acceptance and fiicndliness If the conditions implied in 
this geneialization exist, most of the other principles enumerated 
will, with some expenence, follow naturally 

Second, the clinical inteiviewei must be a good listener He must 
be willing to permit the client full and fiee expression without inject- 
ing hi8 own opinions, wishes, or theoiies This does not mean that 
he must be a passive lobot A good listener is one who c’an, by his 
manner and attitude, convince his client that he is genuinely mtei- 
ested and appreciative of what is being related 

Third, a good clinical inteiviewer is a keen observer of behavior 
and IS skilled m the art of mterpioting movements, verbal responses, 
and changes of expression Although lie must be keen, he must 
at the same time bo cautious, as it is very easy with the lack of any 
objective evidence to make raiaintcipictntums It is only aftci care- 
ful study and much practice in the association of activities and lan- 
guage with certain meaning oi symptoms and checking and I’ochecking 
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his inteipretation that the clinician can have any confidence in his 
conclusions 

Fouith, tlie good intciviewei must have insight into the motivation 
of his own behavioi He must be awaie of his own limitations as 
well as his o^\n stiengths and be able to compensate foi them in some 
socially acceptable way 

A thoumgh analysis of interviewing technique is provided by 
Roethhsbeigci and Dickson [16] Although the conceptual scheme 
which these authois develop is specifically diiected towaid interviewing 
in a large industrial plant, it is equally applicable to clinical methods 
and IS bnefly summarized heie 

I The mterviewei should treat what is said in an interview as an item m a 
context 

This rule has several impoitant corollaiies 

A The mter^newei should not pay exchisne attention to tlie raamfest 
content of the intercourse 

B The mterviewei should not tieat ev^eiy thing that is said as eithei fact 
or ei 1 01 

C The interviewer should not treat everything that is said as being at the 
same psychological level 

II The intciviewci should listen not onK to wliat a peraon vvnnts to say but 
also foi what ho docs not want to say or cannot say without help 

III The interviewer should licat the mental contexts described m the pieceding 
lule as indices and seek thioiigh them the personal refeience that la being 
leveaied 

IV The mtei viewer should keep the peisonal reference m its social context 

A The mteiviewei should remember that the interview is itself a social 
situation and that therefore the social relation existing between the 
mtoi viewer and the mterviewee is in part determining what is said 
B Tlie interviewer should see to it that the speakei’s sentiments do not act 
on his own 3 

The leader is referred to the text foi an elaboration and interpre- 
tation of these lules It is cleai that seveial years’ expeiience at actual 
interviewing is necessaiy fox the masteiy of these techniques 


The Apprafsal of Aptitudes and Abilities 

Use op psycholooical tests The appraisal of aptitudes and 
abilities and the consequent diagnosis of strengths and weaknesses 
by means of objective tests aie such important aspects of clinical 
methods that frequently they have been regarded as the only tech- 
niques a psychologist should use As pointed out in an earlier section 
of this chaptei, howevei, if in his analysis the clinician confines him- 

8 Prom Roethliflberger and Dickson [16] 
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aclf solely to the ohjee tiye-to^^l ap])i'naeh^ laigc and impoitant areas 
of any given behavioi pattein will be left unexploiecl Seeming a 
histoiy of the individiiars development and an investigation oi his 
own feelings and attitudes, neitlioi of nliieh can be adequately dctci- 
mined by objective tests alone, aie impoitant clinical piocediuo in 
the undoistanding of lichavioi Howcvci, just as it is impoitant not 
to lean too Iieavily on objective ineasuioments, so is it nripoitant not 
to underemphasizc them The objcctive-tcst jirocedinc is the one 
aspect of clinical method which may lay some claim to Bcicntific 
accuracy The othei' methods of diawing intcicnccs fiom histones 
and intoi views, although impoi fcant, me those of tlic aitist and depend 
upon expel lential cues lathei than upon objective evidence Tlie 
only reason the clinician lesoits to this intuitive method is that psy- 
chology has not j^et been able to develop tools which enable him to 
explore ceitam impoitant aieas of behavioi scientifically When the 
tools become available foi a completely objective appraisal of human 
behavioi, the clinician will be obliged to use them, and the methods 
of clinical psychology will then be much more in accoid with the 
method of the exact bciencos tlian they me at the picscnt time 

Because the psychologibt in his constant attempt to refine and 
impiove his mstninients has discovoiod some sciwus inadequacies in 
the ^b'eliability” and “validity^’ of psYchologicnl tests, fhcic has been 
a tendency on the pait of a inimbor of clinicians in icccnt years to 
discard them cntiiely oi to inininiize then use vciy gicatly and i‘esort 
ahnoBt completely to documental y evidence They find it less dis- 
quieting to use instruments whose eiiois aie not known than to use 
those who eirors aic known, even thougii the cirois in the formei may 
be much gieatei than those in the lattei In his excellent book, Boiv 
to Counsel Students, Williamson [22] gives a cleai cxpiession of this 
pomt of view 

Tins much may be in defense of the testing method of analysis The 
psychologist IS one of tho very few piofebsionai workers in the field of diag- 
nosis who has studied lus tools critically and soienUfically to discover their 
\Yoaknesfles and strengths, quite apart fioiii lus own beliefs, prejudices, and 
hopes For few otlier techniques has such a refined check been made of 
tlie accuracy of analysis Po«isjbly because of his naivete, the psychologist 
has candidly published the results of rcscaich showing tho lunitationa and 
errors of hm tools Since Ins are tho only guidance tools iireBcnted with their 
errors listed, many people condiido tliat all other tools aro free from error 
or that errors of other tools arc negligible as compared with those of teste 
This lins led to tho beliet of uninlormed counselors that there are no errors, 
few errors, or less serious errors in otlier tecJiniqucs of analysis* 

This fallacy of abandoning one tool because ite eriors and limitations have 



boen digcovered through rcscaich and clinical practice, and sul^stitutmg 
another tool, the cirois of nhich aie ns jet unknonn or ignored, is character- 
istic of many presont-clay coun'='elors Many such counselors leain ol the 
errors m tests and then proceed to avoid using them, preferring to use 
analytic techniques of self-analysis, trjout (work or school expenence), or 
the reading of a book on occupatinnn! information, apparently blissfully 
Ignorant of the many serious enors and limitations of these substitute tools 

The instruments available In so biief an account of clinical 
method as is nccessauly contained m this chapter, no attempt can be 
made to suivey the many instruments T\diich psychologists and othei 
scientists, thiough then constant and indefatigable research ovei a 
period of ycais, have made available for the appiaisal of human 
behavior Thcie aie many excellent manuals and textbooks giving 
detailed descriptions of these instruments and the methods of intei- 
pietiug the lesults The student is lefened paiticularly to Chapter 
17 of this book and to the boolcs by Giecne [8], Buros [3], Pintnei 
[13], Teiman and Men ill [18], and Wcchslcr [20] The skill of the 
clinician will be ducctly piopoitional to his mastery of the intelligent 
use of these instuunents This, of com sc, does not picclude the 
necessity of othei skills, but without skill in the use of the tools avail- 
able for clinical practice he cannot expect to become an eflBcient 
clinician 

Psychological tests aie available for a very great lange of human 
pioblems coveiing a wide age span infancy to senility In fact, 
these mstiuments have become so numerous that mastery of the tech- 
nique of administenng and interpreting all of them has become 
almost impossible The clinician has been foiced to specialize either 
in some aicas of investigation, such as educational pioblems, intellec- 
tual difficulties, 01 emotional difficulties, oi in the pioblems of some 
age gi'oup, such as the picschool child, the elementary school gioup, 
adolescents, or adults Exen wuthin any one of these aieas the 
instruments and devices available foi the objective evaluation and 
investigation of behavjoi aie very numerous 
The following will illustrate some of the problems with which the 
psychologist in a typical child-guidance clinic is confronted and for 
which an objective evaluation is required 
A 7-year-old blind child has been temporarily refused admission to 
the state school for the blind The supeiintendent wants to know his 
level of mtelhgeuce 

A child who is known to have average or supenor ability is severely 
letaided in school The puncipal wishes a diagnosis of the difficulty 
and suggestions for remedial work 
The judge wishes to know whethei a 14-year-old boy who has been 
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bi ought bcfote hnu foi bieaiang into a btoie should he sent to the 
state coiicctional school foi boys oi to the state sclion] for boidcjlme 
mental-defectivo delinquents 

A child had a brain injmy at bnth which has inarkccUy affected 
hi8 speech The paieiits aie conccinccl about his intellectual 
development 

A boy is leady foi high school^ and the paients would hko to Imvc 
an appiaisal of Ins abilities and interests so that they can be more 
intelligent m then guidance. 

These pioblenib could bo multiplied many times All of them 
require a ready knowledge of the tests available for the ago gioups 
and pioblems in\ohed In ft climcal situation the ohniQian will not 
lift VC the opportunity to go to a test file or a ycaibook to discovci 
the most appiopnate tests for the analysis of a given pioblem He 
must have this mfoimation icady at hand as a part of his clinical 
tiaining 

In general the psychological tc^ts and mventoi les available foi the 
appraisal of human beliavior may bo divided into the following 
categories 

I Test5 of fionoml mtelJigencc 
A Individiml teste 

1 Verbal 

2 Performaaco 
B Group teste 

1 For the primary giadca 

2 For Pio mtoijiiodmte giados 

3 Foi Jiigh acliool 

4 For college 

11 Teste of scho<^i or academie flohievoiuont. 

HI Vocational tests and teste of special aptitudes 

IV Vocationabmterest mvcntouce 

V Character and porsonahty teste and efcheclules. 

VI Rating and attitude soalcs 

VII Teste for special disabilitiets 

In each of these categoiies a large number of tests or inventories 
are available by which the psychologist may obtain a quantitative 
rating of the individual’s abilities and aptitudes 

The tests in some catcgoiios arc much inoie reliable and valid than 
otliors In gcnoial, the educational tests have tlic highest degree of 
predictability Then follow the intelligence tests and the tests of 
special aptitudes. The chaiactci and personality tests have not 
proved particularly valid, le, they have not been very successful 
in predicting the situation aa it actually exists 

A series of measurements which promise to be of paiticulsr value 
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iol clinical puiposc^ aie the tcsU ot piimaiy abilities developed by 
L L Thiirstonc [19] Other things being equal, the moie diagnostic 
an instrument is, the gieatei its clinical value, as it supplies the 
clinician with evidence of the subject^b stiengths and weaknesses and 
lets him knon wlmfc abilities might be utilized in vocational training 
and what icmedial iiieasuies should be applied These tests of pii- 
maiy abilities aie of this nature Instead of an o\er-all lating in 
terms of an IQ oi some otliei geneial indev of buglitness, the subject’s 
intellectual capacity is described m terms of seveial independent 
fuctois These me known as (a) the space jactoVj designated by the 
lettei S the ability to visualize in space flat oi solid objects, (6j the 
number iacto), designated by the lettei N the ability to do simple 
numerical tasks, (c) the V or ve)bal comprehension /actor the ability 
to deal with veibal concepts, (d) the word- fluency factor the ability 
to produce words in a lestricted context, (e) an M oi a memory 
factor (which lecent investigations seem to indicate as a composite of 
seveial nicmoiy factois) the ability to lecall events and experiences, 
(/) an / 01 inductive factor the ability to rbscovei the aule oi prin- 
ciple in the matenal one is woikmg with, and (p) a P oi perceptual 
factor the ability to gioup things togcthei into some foim oi con- 
sistent puttein A numbei of tests me available nhich give fairly 
good indices of ability m each of these chaiacteristics of a person’s 
intellectual capacity The clinical value of such a batteiy of tests 
ovei the single index foi the analysis of intellect is fairly obvious A 
moie detailed desciiption of these instiuments is provided in Chapter 
17 

In addition to these pencil-and-paper tests for the appraisal of the 
abilities, aptitudes, and mteiests of the more usual clinic ease, theie 
are a numbei of instiuments available foi the study of the physically 
and mentally handicapped with which the clinician must be thoioughly 
familial In general, such tests as have been biiefly mentioned do 
not apply to the blind, the deaf, the spastic, the epileptic, the haid 
of heaimg, the brain injuied, oi the individual with a severe readmg 
handicap, yet the study of these problems constitutes a considerable 
part of the psychologist’s work in a clinic Fiequontly, special types 
of tests arc necessary in order to make an adequate diagnosis It 
may be that the psychologist is not skilled m the use of some of tliese 
instiuments He should know about them, however, and be able to 
lefci tlie case to a competent authority in the field 

Interfretatiok of results Although the most important pur- 
pose in giving a psychological test is to secure an accuiate quantitative 
or objective evaluation of some aspect of behavioi so that the indi- 
vidual in question can be compared with other individuals in the same 
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gioup, iiui 01 thclcss it is njipojfcant tliat the pbvchologjst make cnrclul 
clinical obseivation of the client dm mg the testing scbsion Often 
those ob&oivations contnbute moie to the muleistanduig of the 
bchavini tlian docs the quantitatnc scoic In fact, many psycholo- 
gists legaid the testing situation as a contiollcd inteiview m nliich 
the hchavioi of the client can be obscivcd undei stanclauhzed 
conditions 

The follo^ving oiithne has been found useful as a guide in intci- 
pietmg the lesults of the Rc-vised Stanfoid-Binet Examination 

OUTLlNB 


To SGr\e ns a guide m intcrpiotmg 
rcHults of the Rovieod Stanford-Bmet Exumiualion 


School 01 institution 


Examiuci 


Naino 

Bate of birth 
Name of tost 
C\ 

MA 

IQ 


Date of c\anunatioii 


A( t grade placement 
MA giado idacoment 
TM clnflaificatiou 


1 Ohser\^atioii of child’s bohiuior during examination 

A Appioach to ttaminalto)} Is he resistant, pOKsno, enthusiastic, roluetant? 
B AdtCude durmg cxainmatton Is lie spontaneous, mquisitno, impatient, 
irn tabic, mteiestcd in tests, nggiesaiva, defiant, indiffcient, shy, fearful, 
apprehensive, ovci polite, cordial, distractable, peraistont, anggestiblo? 

C Respoit^i^^ to directions Aie they quick, slow, deliberate, cnicful, caiC'- 
less, impulsive, leflecUve, logical, irrelevant, rainbliiig? 

D Physical acitvily Is he lestleaa, lethaigic? Does he exhibit specific 
manoeriems, Biith as nail biting, picking his fnigeis or othoi paits of his 
body or clothes, blinking, twitcliiug, joik> movements, trcinois, et<; ? 

E Speech Describe defect, if any stutteung, articulatory (tccoid phoneti- 
cally words mispronounced) 

2 Analysis of test lesult^ 

Give ba‘5al and soattei , mention any significant oi consistent type of 
failures or success, lunguogo handicap, reading difficulty 

3 Evaluation of rating 

Compare wiUi pjovjoiis ratings, if any (explaining di^oiepanoies) , oomparo 
MA giado placomont and actual giado placement, compare MA grade with 
results of aohiovcnient teats, if any, dosonbo any oircumatanco or condition 
vvhioli may have eervod to make the rating too high or too low 

4 ilocommondations regaiding (o) school placement, (6) tutoring, (c) institu- 
tional placomont, (d) specini help, (e) future progress 

/ 

One ot the most useful devices in interpreting the results of the 
psychologioal examination is the psychological piofile, which is 
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simply a chait of equated scoics, usually either peicentiles oi modi- 
fied standaid scores The piofile is a method of piesentmg these 
sGoiGS on a senes of tests in a biief foim, so that the leader can see at 
a glance wheie the subject stands in each of a number of tiaits and 
also any pattern of abilities 

The sample profile presented is that of a young unman icd woman 
20 yeais of ago Her educational background included IY2 years at 
a college which she ^vas attending at the time the piofile was made 
She lepoited one summer of expeiience woiking as a foi hex 

father’s building and loan company She stated that her high school 
and fiist-year-college work emphasized corameicial and seoietanal 
courses However, she had had considerable difficulty 1^1 th college 
economics and she had changed the emphasis of her schooling to the 
elementary teaching field 

The young woman came to the clinical laboiatory because she was 
undecided about the type of work fox which her xnteiests and abilities 
weie best suited She was inteiested in obtaining a comparative 
measuiement of hei abilities^ aptitudes, and interests to aid her in 
planning hei futuie college work and hci caieer 

Several of the test scoies on the Berm enter Beisonahty Inventory, 
the Kuder Intel est Inventory, and the Allpoi fc-Ycrnon Study of Values 
aie omitted fiom the chait because of lack of space A detailed intei- 
pietation of this profile will not be attempted, but even a superficial 
glance will enable the leader to make ceitain tentative mfeiences 
First, it 18 deal that this woman ^s ability to cany college wmrk was 
decidedly below that of the aveiage student, and even though the 
coirelation between scholastic aptitude and college success is not 
high, it 18 high enough to wairant the piediction that she will have 
some difficulty m completing her college woik Second, her pattern 
of abilities and interests w^as not fundamentally academic or scientific. 
Her vocabulary, her English aptitude, her leadmg, and her scientific 
interests were all low These results, when combined with the brief 
history, make a reasonably consistent pictuie The clinician might 
find it advisable, on further analysis, to encouiage the young woman 
to accept some other course than the one she was pursuing The 
reader will be able to make several othei tentative deductions from 
the chait. 


METHODS OF -‘TREATMENT’ 

Meaning of the Term 

The term tieatmenfc, as it is used in present-day clinical woik, is 
m many leapects unfoitunate, because it fails to leveal to the reader 
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PnoFiLB oi Ps'iCHOLoaicAr Test SconB'3 


Name Date 

School or dep't Date of birth Age 


NarriQ of Test 

Percentile Rank 

10 20 30 40 50 60 70 80 90 

Scholastic aptitude (Ohs Higher) 


■ 

■ 

■ 

■ 


H 

HI 

■ 

■ 

Vocabulary (O’Connor) 


fA 

... 







□ 

English aptitude (Iowa) 


SI 

■ 

■ 

■ 


■ 

■ 

■ 


Reading Comprehension 


II 

■ 

■ 

■ 


■ 




f?at0 


n 

■ 

■ 

■ 


■ 




Clerical proficiency (Stelnaker) 


K 

5 

i 

n 


■ 




Sales aptitude (Stevens -Korn ha user) 


■ 

■ 

■ 

IB 


■ 




Finger dexterity (Minnesota) 




- 



■ 




Personality inventory (Bernreuter) 

■ 

0 

■ 




■ 




Dominance 

■ 

■ 

iS 




■ 




Social Independence 

■ 

■ 

Wa 




■ 




Interest Inventory (Kuder) 

■ 

n 

■ 




■ 




Scientific 

n 

■ 

■ 




■ 




Social service 



-- 




■ 




Study of values (Allport) i 







B 




Economic 

Theoretical 

■ 

■ 

■ 

■ 

■ 

a 

5 


5 



li 

1 


the natuic of the piocess involved In fact, the teim actually conceals 
fiom many parents and guardians the essential ehaiaotciistic of the 
leineclial proceduies in that it tends to imply that the process is some- 
thing that can be superimposed fiom without, similar to giving a diug 
01 peifoimmg an operation The teira theiapy has similai objections 
These terms, like the teim clinical, have been boiiowed fiom medicine 
and have unfoitunately brought with them some of the same meaning 
they possess in that discipline 

The term re-education, or even education, might desciibo the nature 
of tho process more nearly than either treatment oi psychotherapy 
The essential psychological natuic of “tieatment” is the same as that 
involved in any othci educative piocess The chief dilTcicnce between 
the education of the climo, on one hand, and the education of the 
home, the community, and the school, on the other, is that in the 
clinic it IS necessary to devise techniques and schemes to break clown 
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old habjts ns well as to ehtabbsli now 02 ic% i^hcieas tlic teachej, 
parent, oi guaidum is conccinecl ioi the most part in establishing only 
nc^Y habits Even this distinction does not always hold Oiten the 
good paicnt oi the good teachei is a good clinician, emploj^ing with 
^kill and accuiacy all tho essential methods of ticatinont used l^y the 
good clinician Veiy fieqiiently it is the chief task of a paient or 
teachei to “le-educate^^ as w^cll as to ‘‘educate/' and oiten he does 
it well 

Tieatment involves a change m beha\ioi The task of the clinician 
IS so to ariange events and situations as to bring about this change 
If the cliild has been brought to the clmio because lie has been tiuant- 
mg fiom home and school, then the task ot the clinician is to change 
this behavioi pattern If a client comes because he has a numbei of 
unexjilainable fears and anxieties, the task of the clinician is to help 
him get lid of them Treatment of any pioblem involves the acquisi- 
tion of a now bcha\ loi pattern or the discaiding of an old one oi both 

The method of acquning new patterns ot behavioi is a pioblem to 
which psychologists have given a gieat deal of attention On one 
point thcie seems to be genoial agieement, namely, that behavioi la 
acquired only thiough some kind of a reaction to a situation oi a 
stimulus This theoiy is known as the leaction hypothesis y whicli 
states that all foinis of behavioi, whothci inusculai, glandulai, oi 
mental, aie icactions to definite stimulation 

The hypothesis has two veiy impoitant implications foi so-called 
treatment Fust, that if a behavioi pattern is to be changed, some 
stimulus or situation must be consti acted to motivate tlie change, 
and, second, that the subject must be given some opportunity to prac- 
tice 01 “exercise” the behavior m the making These are essential 
elements in the acquisition of any behavior pattern If this hypothesis 
is accepted, then no tieatment can be effective without having inheient 
in it these two faetois 

Many techniques and methods have been used by psychiatrists, 
psychologists, teachers, ministers, and piiests m their attempt to 
cliange behavior patterns, and piactically all methods from Coufiism 
to psychoanalysis lay some claim to success, in terms of the individual 
case The lame have walked, and the blind have seen Little care- 
fully conti oiled expeiimental work on the relative value of different 
methods of theiapy, however, has been lepoited The most thorough- 
going and systematic accounts of vaiious treatment techniques have 
been lepoited by Rogers [14, 16], Kanner [11], Hunt [9], and 
the staff of the Illinois Institute for Juvenile Reseaich [10] 

In geneial, these tieatment piocesses may be classified into two 
largo categoiies (a) those involving actual change of the environ- 
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mental situation, and (b) those invol\ing change of attitude t^maicl 
the environment on the jiait of the client The difference between 
these two is moie appnicnt than len! As fai as the psychological 
process which goes on within the individual ib conceinod, they amount 
to the same thing, i e , they modify the stimuli which play ujion the 
individual and thus modify hib behavioi These two metliods will be 
discussed in oidei 


Modifying the Environmental Forces 

There are many ways which tlic psychologists have used to modify 
tlie environmental foicea whicli play upon the individual (1) If 
tlie Situation demands it, the client may ho phyeioaliy icmoved from 
one situation and placed in anothei, eg, moved fiom his oun home 
and placed in a foi>ter homo oi institution Thus he is ostensibly 
forced to leact to a completely new set of enviionmcntal situations 
in the hope that by so doing the clesned changes m behavior will 
result (2) The attitude of parents, siblings, teachcis, and otheis 
towaid the client may be changed This effects a ohange m the ^^fleld 
forces^^ which net upon the individual and thus pioduccs a change in 
behavior (3) A change in the onvuonmental forces may be bi ought 
about by piovidmg more adequate loci cation facilities and plfiy 
activity, The client may bo provided with membciship ui the YMCA, 
given a library card, sent to a camp, or, if he is older, advised “to got 
away from it all” for a while and take a vacation 

It IB obvious that the methods of modifying the field fences could 
be almost indefinitely multiplied, depending upon the lesults of the 
diagnostic procedures The thieo methods mentioned are thoso com- 
monly used in clinical practice The value of this type of treatment 
depends upon the skill and ingenuity of the therapist in piovidmg 
situations which the client accepts, for it is only as lie accepts them 
that they will have any le-educationai value 


Modifying the Client^s Attitude 

In many instances the treatment cannot be carried out through thp 
modification of the environmental forces alone Often it is necossaiy 
to effect a cliange in tlie mclividuars attitudes toward Inmsclf, toward 
hiB associates, and, peihaps, toward society in general Trcquently, 
a complete reorientation of his ooncept of himself or his concept of the 
relationship between himself and his associates or of tiic relationship 
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between himself and his immediate family m necessary Dunng the 
piocess of his development he has accumulated a numbci of faulty 
habits of thinking, feeling, and acting, and a complete modification 
of hia philosophy of life is the only method hy which his behnvioi 
can be altered 

This moclificRtion of behavior is always difficult and piolonged and 
often IS impossible If the client has developed fixed ways of feeling 
and acting, then he is likely to assume that same lole towaid the 
thciapist and resent any mtiusion into his ^‘private affairs** Or he 
may attempt to piove to the therapist that his way of thinking and 
feeling is tlie only collect one, and everyone else should accept it 
Such a person is likely to go through life making himself and everyone 
else with whom he associates unhappy and being dubbed a neurotic 
In other instances, more se-vere and inoie pernicious ways of thinking 
and feehng may lead to what is called a '^mental breakdown’* or 
eventually to a psychosis 

Many techniques have been devised and developed in the attempts 
to modify the mdividuars ways of thinking, feeling, and acting One 
of the best known is psychoanalysis This is an elaborate theoretical 
psychological system, a detailed discussion of which does not belong 
in this chaptei As a technique of therapy, it involves a detailed 
report to the analyst (and undei his diieotion) of the past expeiiencea 
of the individual, especially of his early childhood — ^the i elation to 
the mothei, the father, the siblings, and the associates, and the 
influence of tliese upon his own development This report, which 
may take seveial months, is mterpieted to tlie chont in accordance 
with psychoanalytic theory The assumption in this method of 
theiapy is that, once an individual has an intellectual undei standing 
of all the foices that make him act the way he does, he will change 
,his behavior to moie socially acceptable patterns 

Anotlier technique for modifying human behavior has been devel- 
oped iccently by Call Rogers [15] This has been called the non- 
diiective oi client-centered method of counselmg and psychotheiapy 
The chief difference between this and the older psych oanal 3 rtic 
approaches, from which it is partially deiived, is that m this approach 
the focus of attention in the therapeutic lelationship is on the develop- 
ment and mtegiation of the individual into a moie consistent 
personality during the counseling piocess, and not on an analysis of 
hia problems through a probing into his past history It is assumed 
in this procedure that the client is capable of effecting tins integration 
if he 18 given an opportunity to relate and consider his expeiience as 
well as his own thinking and feelings The basic hypothesis is stated 
by Rogers [16] as follows ^^Effeetive counselmg consists of a defi- 
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nitcly stiuotuied pejmiasne ie!at]onship which allows the client to 
gam an undei standing of Imnself to a dcgicc \^luch enables him to 
take positive steps in the light of liis own OEicntation 
The jelative value of these diiective and non-diioctive methods of 
*‘tieatinenV' will be deteunmccl by continued leseaich in this i da- 
tively unexplored field 


CLINICAL METHODS IN INDUSTRY 
The Selection of Personnel 

In leeent yeais the clinical appioach to the imdci standing of human 
motivation and peisonality stiucUnc has been mcicasingly used in the 
seJcction of peisonncl in industiy, especially foi top management 
The oldci approach, namely, wmg a battoiy of tests, has pioved 
1 datively sterile, and the assumption is that the moie daboiate and 
more time-consuming clinical method will piove more successful 
Tins assumption has not, however, been cxpciimontally demonstrated 

The methods of tJio cluneal appioach in mdustiY me cssentJally the 
same as those alicady desenbed us m use in counseling centcis, guid- 
ance laboratoiies, and clinics In industry, iioucvei, the onentation 
and the pioblcma to be solved aic quite difteient The olinicmn is 
not, as a lulc, so imich concerned with the pioblcins of the individual 
as such as ho is witJi ]>iodicting piobable success m a given jmsition 
Tot the most pait the methods aic used m the selection of men for 
supervisory positions Some of the questions the clinicians must be 
pieparccl to answer in the selection of pciaonnel in industiy aic these 

Does the man think acciuately and compichensivcly? 

Does ho tend to make sound judgments? 

Is he able to look ahead and make long-iange plans? 

Is he able to woik lapidly with precision and accuiacy? 

Is he able to icmam calm and objective undci ciiticiam? 

Is he able to take orders without offense and give them with 
composure? 

Can he lead otheis to accept his ideas without force oi 
regimentation? 

Can he give ciiticism fiankly, honestly, and objectively? 

Can he look ahead and plan an even flow of woik thionghout his 
department? 

In selecting a man for a supervisory position, it is necessary to bo 
able to answer these and many other questions dealing with the intel- 
lectual, emotional, and social characteristics of the client before 
making any prediction about hia success in a given position 
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Tho mfoimation which enables the clinician to attempt answers to 
these questions and to make a final lecoinmendation to management 
IS not secured lioin objective measurements alone The amount of 
eiioi m prediction will be consideiably reduced it the clinician will 
follow tho UMial clinical pioceduie of integrating the test findings 
infoimation gatheied from a peisonnl histoiy and an interview with 
the candidate 


The Developmental Interview and Upgrading 

Tho theiapeutic pioccdure, oi developmental intennew, as it is 
called in some oiganizations, follows along the same lines as that used 
m the usual clinical situation, except that as a lule the ultimate pur- 
pose of the Intel vle^Y is to increase a man^s efficiency m a given position 
and prcpaie him foi upgiading, lathci than to develop his peisonaiity 
as an individual, although the two possible objectives aio by no means 
incompatible Vcjy ficqucntly grcatei efficiency on tho job can be 
best achieved and picpaiation foi upgiadmg be best accomplished by 
conducting the cle\clopnicntal mteiview uith the puipose of helping 
tho client to moot and solve some of hia own individual piobleins 

The techniques of conducting these theiapeutic interviews aie well 
described by Roethlisbcigcr and Dickson [ 16 ] and have been briefly 
mentioned in piovious sections of this chapter 
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Chapter 20 


Objective Studies of 
Disordered Persons 

Joseph 


Nearly all the methods described in the foregoing chapteis have 
dealt with people or animals whose beha\ioi both duiing and aftei 
the expeiimcnts was understandable and to a ceitain extent piedict- 
able In fact, the puipose of most of the investigations was to estab- 
lish tlie basis on which futuie behavior could be piedicted 
Theio aie, however, some peisons who aie so odd or unusual that 
their behavioi is not easily understandable, and an accurate predic- 
tion of then futuie behavior is not alvays possible In dealing with 
tins type of person we cannot always apply what we have pieviously 
learned about normal individuals Caieful observation and expen- 
montation, howevei, reveal ceitain types of legulaiity in the behavior 
of these disordered individuals, but these regularities reveal them- 
selves not so much m what the individuals do as m hew they do it 
This fact was first stiessed by Emil Kaaepelm, who pioneered in the 
application of expeiimental pioceduies to abnomal individuals 
For example, disoideied indiuduals do not m'vaiiably do poorly 
on intelligence tests, but their disoider reveals itself in the paxiiiculai 
combination of weaknesses and strengths which they exliibit They 
fail easy items, pass difficult items, and in general exhibit a type of 
scatter in their performance which is very often diagnostic of abnor- 
mality Although the actual scoie achieved by a normal individual 
on an intelligence test is usually the most important datum, the actual 
score achieved by a disoidered person is not as important as the 
particular pattern of ability and disability which he displays 
Another example of how abnormal peisons differ from normal ones 
13 in their greatei variability m all measures In general, gioup dif- 

1 Assistant Professor of Psychology, Columbia University, Associate Kesearch 
Psychologist, New York State Psychiatnc Institute and Hospital 
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fpi cnees between nonnal aiui abnonnal pcisoiib im tcbts oi othei 
meftsuics aie nut neaily as Imgo as tliffcicnics in viinability between 
the two gioiips 

Disoi tiered pci sons do not cliff ci markedly fiom noimal imlividuals 
ui then scnaoiy acuity ami leaponsiveness and m motoi peiloimancc 
m cveiyday life as long ab the task la shoit, la ducctcd horn without, 
and cloea not intiocluco emotional factois, but ^^hcncvcl sustamed, 
self“diiccted tasks imolving omotiunal factois aio mtiodueod, the 
(lisoideied individual shows up to disadvantage For tins icason 
the usual laboiatoi*y cxpeuinents are not suitable foi measuung or 
detecting the imdoi lying difTieultica of the disoidcied individual 
Modifications must be mtiocluced oi new cxpciunonts conceived in 
which sustained, sclf-dii acted activity involving emotional factois 
as well as intellectual effoit becomes the piimaiy vaiiable Thus 
oxpeiiments invohmg volition, level of aspuaticm, and sticss situa- 
tions sjioiild pjovc quite fiuitful in the objective investigations of 
disouleied behavior 

Theio die Unee major groupings into wlucli nion tally disoidoied 
poisons may bo placed for convenience (1) the outught insane, (2) 
the mentally cicfcctne, and (3) the pectiliai or mildly disouleied 
Tho insane aic poisons “suffering fiom a leal dciangcmcnt of then 
mental life which is so sevcio that they do not rcbpond to nny of the 
usual methods of icason and logic which aie sulBcient to guide oicli- 
naiy human beings^' [15] Tiie mentally dcfoctivo oi feeble-minded 
me those “who from a veiy eaily age lack the ability to acquiic 
knowledge oi to profit Jrom experience and tiaining They aio 
unable to caie for themselves adcquatcly^^ [15] Tho third group 
consists of n vast vaiiety of iiKlmdimls who, althougli not frankly 
disordered, ncveithcless pieaent some t>pe of mental deviation (other 
than intellectual) and includes the ncuiotica, psychosomatic oases, 
and psychopathic personalities 

In the succeeding jiagea we shall give examples of work done with 
disordered persons m the following aicas (1) association tests, (2) 
memoiy teats, and (3) conditioning 


WORD-ASSOCfATlON EXPERIMENTS 

Tho systematic study of word assoomtions was begun by Francis 
Galton (1886) with himself aa subject He exposed written stimulus 
words one at a time and noted with a stopwatch the time requiicd for 
the response woid, its geneial i elation to the stimulus woid, and the 
consistency with which the same response wmids occuuod to a given 
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stimulus He concluded that the icspunaes ware not lanclom m 
chaiactci but lepiescntecl wcll-woui luts of the mind m winch thought 
continually traveled Some 40 pci cent of these associations dated 
back to his boyhood, 45 pei rent to his manhood, and 15 per cent to 
recent events The lecent associations weic the least stable 

Jung [12] utilized Galton^s wouUassociation technique to investi- 
gate the unconscious, which Ficud had opened to psychological inves- 
tigation It was noticed that some stimulus wmids weic responded 
to easily and leadily, wheieas otheis gave use to very slow ui very 
fast lesponses, some caused complete blocking ot lesponsc, otheis 
were accompanied by vaiious unusual behavior, such as lepetition of 
stimulus woid, mismteipietation of it, strange oi appaient senseless 
leaction, such as JaugJiing oi rhyming of stimulus word with a non- 
sense syllable Jung assumed that all this deviant behavioi occuircd 
because the stimulus word had touched oft a deep conflict or complex 
By following up these cues, Jung was sometimes able to bung to light 
conflicts and stiivmgs of which the patient wms often unaware As 
fiutlici evidence of the emotional nature of such lesponses, Jung 
found accompanying changes in the psychogalvanic reflex, musculai 
movements, and respiiation A laigei number ol indications of com- 
plexes was found m the clisoideied gioups than in noimal persons 
He also found that schizophienics tended to give a largci pioportion 
of subjective i espouses dealing with inner feeling and thoughts, 
whereas manic-depie&sive patients tended to give more objective 
responses dealing with outei objects This tendency to respond with 
either subjective oi objective lesponses later contnbuted to Jung’s 
formulation of his mtioveit-extrovert hypothesis 


Kent-RosanoflF Word-association Study 

The most extensive systematic study of word associations was 
conducted by Kent and Uosanoft [14] In contrast with the stimulus 
words utilized by Jung, which had been selected for the specific pui- 
pose of mousing personal emotional associations, Kent and Rosanoff 
tried to a'void words that are especially liable to call up personal 
experience 

Materials The list of woids which they used is given in 
Tabic L 

Procedure The subject sits with his back to the experimenter, 
who leads the 100 stimulus ivouis fioin a list The response word and 
the reaction time, usually to the nearest fifth of a second, aie 
recoidcd in appropiiate columns next to each stimulus word The 
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1 

2 

3 

4 
6 
6 

7 

8 
9 

10 

11 

n 

13 

14 
16 
16 

17 

18 
10 
20 
31 
22 

23 

24 
26 


table I 


KcNT-RosAi^oFri' WonD List 


Table 

20 M ifth 

61 Stem 

70 

Bitter 

Dark 

27 llivoi 

62 Lamp 

77 

Hammer 

Musw 

28 White 

63 Dream 

78 

Thii'bty 

Sickncas 

29 Beautiful 

64 Yellow 

79 

City 

Mnii 

30 Window 

66 Bicad 

80 

Square 

Deep 

31 Rough 

60 Juatico 

81 

Butter 

Soft 

32 Citizen 

67 Boy 

82 

Doctor 

Eatmg 

33 Foot 

68 Light 

83 

Loud 

Mount am 

34 Spider 

69 Health 

84 

Thief 

House 

36 Needle 

60 Bible 

85 

Lion 

Black 

36 Red 

01 Memory 

86 

Joy 

Mutton 

37 Sleep 

02 Slieep 

87 

Bed 

Coitifoit 

38 Anger 

03 Bath 

88 

Heavy 

Hand 

39 Carpet 

04 Cottage 

80 

Tobacco 

Sl)ort 

40 Girl 

66 Swift 

90 

Baby 

Fruit 

41 High 

06 Blue 

01 

Moon 

Butterfly 

42 Working 

07 Hungry 

92 

SciRsois 

Smooth 

43 Som 

68 Pneat 

93 

Quiet 

Command 

44 Em 111 

60 Ocean 

04 

Green 

Chair 

46 Trouble 

70 Hoad 

95 

Salt 

Sweet 

46 SoJdici 

71 Stove 

96 

Street 

WhmUe 

47 Cabbage 

72 Long 

07 

King 

Woman 

48 Hard 

73 Religion 

98 

ChecFP 

Cold 

40 Eagle 

74 Whiskey 

99 

Blossom 

Slow 

60 Stomach 

76 Child 

100 

Afraid 


words flie read distinctly, and the subject is asked to respond with 
the fiist word that comes to his mind If the subject responds with 
more than one word or with phrases, he is reminded that he must give 
only one word If the subject fails to give a response within a loason- 
able time (16 seconds), the examiner goes on to the next word 
The list of 100 wolds was administered to 1000 normal individuals 
selected from the general population and langmg in ago from 8 to 
over 80 yeazs, and in education from the lowest to the highest level, 
only a fair fluency in English being a preiequisite for inclusion as a 
subject in the experiment The subjects covered a wide variety of 
socio-economic levels, but the authors gave no indication of how well 
their gioup sampled the geneial population* A table of noims, giving 
the frequency value of each lesponso to each of tho 100 stimulus 
words, 18 included m a manual [13] in which the frequency value of 
any response to a given stimulus word may be determined 
Results The flist step in the analysis of the data is to deter- 
mine the frequency value of each response, lo, how often the given 
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icsponae occuired m the 1000 noimal imli\iduals whom Kent and 
Rosanoff tested If the Josponse wojd is not found in the noims, it 
IS rcgaidecl as an individual i espouse 
Tn 01 del to provide a scale of equal units for piesentmg the fie- 
quency values, the normal distiibution uas utilized, and each 
fiequcncy value was convcited into its coi responding standaid score 
m the noimal distiibution ciiive These standaid scoies weiQ then 
giouped so as to piovide eight steps of frequency values, as fchown in 
Table II Some typical distribution cui\es obtained by using the 


TABLE 11+ 


Index Numbehb Corresponding to Frequenct of Response Words to the 
Kbnt-Ros/lnopf Word-aabocution Test (Btuacd on normal distribution curve) 


Index Number 

0 

1 

2 

3 

4 
6 
6 
7 


K-R Frequency 
per 1000 
0-1 
2-6 
7-23 
24-07 
68-169 
16O-30Q 
310-600 
601-709 


♦This table applies only to the responses to tho stimulus word lamp, whirh 
had a maximum fioqueney response of 050 Simihr calibrations have been made 
for each of tlio dOO words jn tho Kenb-Rosanoff list^ and these are available jn 
^‘Manual for Word-Association Test,” New Yoik State Psychiatno Institute 
(niinieograpJied), 1917 

transformation of frequencies to index numbers are shown in Figs 
1 and 2 

Kent and Rosanoff applied their word-association test to 247 indi- 
viduals with various types of disorders dementia praecox (108), 
paranoic conditions (33), epilepsy (24), general paresis (32), manic- 
depressive insanity (32), involutional melancholia (8), alcoholic psy- 
chosis (6), and senile dementia (4) The proportion of common and 
individual leactions given by the noimal subjects and the 247 mentally 
disordered individuals is shown in Table III The doubtful responses 
were those which varied shghtly m grammatical form fiom the stand- 
ard responses 

The outstanding differential between the normal and the mentally 
ill peisona was the proportion of common or popular reactions which 
were found in the two groups Although the noimal individuals 
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Frequency value 

Ffg. 1 Frequency values of responses to Kont-Rosanoff word-assoclahorr 
test for three mentdl patients 


TABLlii III 

Perountagb 01* Common and Individual Ef actons Given By Normal anp 

DlSOUDBBUb l^ElttSONB 


Group 

Common 
H(Miotions, 
For Cent 

Poubtful 
Eea< Uoiifl, 
Poi Cent 

Imllvidunl 

RoactioDB, 

Per Cent 

Total 

N 

Normal 

91 7 

1 B 

0 8 

1000 

Abnormal 

70 7 

2 6 

26 8 

247 


tended to give, in lOBponso to a paiticular stimulus woicl, one oi 
anothei of a small gioup of common reactions, the mental patients 
gave a inucli laigei propoition of highly individual lOsponfeOH The 
peicentage of common leachons given by each of tlio diagnostic 
categories is shown in Tabic IV 
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Fig 2 Regrouping of material of Fig 1 to show the types of word distri- 
bution found In the Kent-Rosanoff tests on patients at the Psychiatric Institute 

It will be noted that caie A hai a preponderance of reiponies In the lower frequency valuei^ coje 
C o preponderonce In the higher fre<)uency values (common), and case 6 falls In the middle between 
the other two 


TABLE IV 

Average Percentage of Common Bbactions by Bjaonostic Gboeps 
(Based on Koforoncc 14) 


Diagnostic Group 

N 

Percentage 

Domentm praecox 

108 

58 9 

Paranoic condition 

33 

71 3 

Epilepsy 

24 

63 7 

Genoml paresis 

32 

71 8 

Manic-deprossive insanity 

32 

71 2 

Normal individuals 

1000 

Ql 7 


The cliDica! gioups \\hich deviate most from the normai persons in 
giving common icactions aic those with dementia praecox and epi'^ 
lepsy, with only 59 pei cent and 64 iiei cent of common i espouses 
zespectively Each of tlie three leinaimng olmioal groups gives 
appioximately 72 pei cent of common lesponses 
On the basis of such analysffe Kent and Rosanoff have concluded 
that *'the one tendency wdiieh appears to be almost universal among 
normal pei sons is the tendency to give m response to any stimulus 
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wold, one or nnofchei of a small gioup of common acactioiiB” [14] 
This IS not found to hold foi abnoimal indmdualH 

Kent and RosanoPf concluded that, in geneiiil, no shaip distinction 
can be diaivn between noiinnl find abnoinial peiaons on the basis of 
ficquency ■values alone Individuals in some disease categoucs, liow- 
evci, especially dcineiitia piaccox, do icvcal charactciistio difleicn- 
tials, such as low piopoition of common i espouses, neologisms f newly 
constructed uoids that have meaning only to the patient), and othci 
types of deviating responses 

Moie lecently attempts have been made to extend the study of word 
associations to normal mdividiinls tlnough the use of hoinogiaphs, 
like the woid bat, which may be interpreted in at least foui diffeicnt 
ways (1) an animal, {21 a club, as foi baseball, (3) to hit someone, 
01 (4) to “go on a bat ’* Goodenough [7] has found that individuals 
difter in the type of intcipictution that they choose and that then 
choice leliects their personality 

Anothci technique which utilizes ficc association to speech is the 
tautophoiie oi verbal siiminatoi In tins tpchniquc the disoideied 
individual is given auditoiy stimuli of low- intensity — at the thicshold 
of lioaiing — and is asked to tell what word oi pluase is being saul. Tho 
vocal stiniuh aio actually iKinscnse sounds, such as uh~6h-ah-6e, 
spoken so softly that even the noimal individual can “hoar a meaning 
into it” With some repetitions These tluoshold stiinuli arc icpeatcd 
several times so that then effect may auniiuatc and finally evoke a 
response The responses given by disordered individuals have been 
analyzed according to various ciitcna, and conolations have been 
established between the patient’s interpretation of tho incaninglesa 
stimuli and his pcisoiiality tiaits Sco also page fi60 

Siinilai techniques have been woiked out in the visual field, such 
as tho Roischnoh test and the Tlicraatic Apiioiccption Test, which are 
described on pages 668-660 and 560-662 The inteipiotation placed 
upon the ambiguous pictures and ink-blots gives an indication of tho 
subject’s peisonahty tiaits Related to those piojectivc piooediires 
aic analyses of handwiiting and other cxpiossive movements in 
disoideied persons 


INaUENCE OF ELEaRJC CONVULSIVE THERAPY ON MEMORY 

FUNCTIONING 

One of tile most piominent differences between normal and abnoimal 
peisons is found in tnemoiy functioning A considerable amount 
of woik has been done m this field, but most of it has been clinical 
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iftthoi than experimental Untortmmtcly, the clinical and experi- 
mental approaches aio quite fai apait m this fleki In contiast 
with intelligeuce, uheie foi the most part the same concepts, same 
tests, and same techniques are utilized by clinicians and leseaich 
wozkeis, memoiy does not piesent such, a united fiont Tlie gieat- 
cat point of difference between the expeiimentei and the clinician 
18 that tlie oxperimontci usually deals with implanted memories, 
wheieas the clinician deals with memoiiea Expeiimental psy- 

eliologists na till ally would also preiei to deal uith life meinoiics in 
then studies, but the genesis, histoiy, and duration of such memoiiea 
aie usually obscuie and defy scientific jnvestigation Tlie few expeii- 
mental icaults can be siunmaiized bu^fly as indicating that mental 
patients, in geneial, take a longci time to learn new mateiial but 
their ictention of it seems to be no diffeient fioin that of noiuial 
individuals Ceitain types of patients, especially the Koisakoff, 
senile psychosis, and geneial paresis cases, however, aic nutouously 
lacking m letention 

Usually a patient does not anive at a clinic until he has sustained 
some injuiy oi suffered some illness It is too late then to obtain 
any experimental evidence of his piemoibid luemoiy functioning, and 
the clinician must resort to some shiewd guesses m deciding whether 
memory impairment has occuiied The iccent introduction of shock 
theiapy, howcvci, has afforded expeinncnta lists an oppoitunity to 
ubseive and study the alteration of meinoiy functioning pioduced by 
the shocks Since the patient^s functioning is not alteied too seveiely 
in any othei respect than memoiy, the setting of the expeiiment is 
ideal for the investigation of memoiy functioning and impairment 
Such investigations have been conducted at several institutions wheie 
shook therapy is adininisteied, and the study that will be leported 
here took place at the New Yoik State Psychiatiic Institute and 
Hospital [1, 8, 19] The most impoitant question to be answeied is 
Does shock theiapy permanently injuie memory functioning? In 
answeiing this question, light was also thiowm on the following prob- 
lems (1) what pai’ticulai aspects of the memory process are affected? 

(2) are all types of memoiy mateiials aftected equally? and (3) is 
material leained long befoie shock therapy also affected by the sub- 
sequent shocks? 

It must be recalled that memory functioning depends upon three 
impoitant elements (1) leainmg or registiation, (2) retention, and 

(3) testing 01 lepioduciion oi remembeied matorml The final test 
of retention is influenced by the manner of original learning, the 
activity intervening between learning and letention, and the raetliod 
used m testing letention The expeiimental intervention of shock 
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with its concomitant effects on memory olfcis an oppoitumty to study 
each of these tluce steps in the process of memoiy functioning 


Materials 

Foi investigating momoiy changes m an objective way, ^^puie- 
cultuio'^ mcmoiies aie needed — uncontaminated mcipoiies whose his- 
toiy and dination aio known and to winch presumably no special 
emotional attachmonfa adhcic Foi this leason paiied associates 
were used 

These paired associfttos consisted of specially prepared lists of two 
types, meaningful and soini-incaningful woids The meaningful lists 
consisted ol fifteen pans of common English two- 83 ^ liable woids 
selected fiom the highest fieqiiency levels of Thoinchke and Loige^s 
The Teacher's Wo)d Bool of 80,000 ]yo)ds [17] The senn-meaning- 
fiil lists consisted of ten Iniusehold commodities paiied with ten pseudo- 
brand names coinposod of nonsense syllables and selected from 
Dunlap's Li^t of Dissyllabic WonJs and Paralogs [4] The 

pane weie ooubtiucted in such a maniiei that theie was no ap))aicnt 
association between the mcmbeis of eacli pair 


TABLR V 


Typical Mbaninopul and Snuu-MPANiNat ul Cards Uawn for Liqarntno, 

UrLEARKING, IIb^CALL, AN1> llbCOaNlTiON 
jAJaimng, Holearning, and RocuH Uocogmtion 


Meaningful 


EXPRESS ADMIT 


' ' 

passage 

ADMIT 

EXPRESS 



MANNER 

RIVER 


Somi-mcaniugful 


COFFEE LUBED 


COFFEE 


LUBEB 

BELIF 

MEDIG 

GUGOl^ 


The paiied associates were typed on individual cards as sliown in 
Table V Tlie same caid was used foi learning, releaining, and recall 
A second caid waa used for measuring recognition This card, which 
IS also showm m Table V, consisted of the fiist membei of the pan 
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followed by foui choices, including the coriect one Caie was taken 
to make the thiee meon ect choices as homogeneous as possible with 
the coirect choice in foim, level of difficulty, and general appeal ance 


Procedure 

The patients weie tested 30 to 60 minutes before treatment and the 
letesting was done 24 hums aftei ticatment ^ Eveiy patient was 
taught a ineaniiigtul and a semi-meanmgful list at each Icaining 
session up to the day wdien the confusion induced by the ticafcment 
impaiied the speed of leaining to too gieat a dogiee Then he was 
given only one list each time, alternating the meaningful with the 
semi-ineamng/ul matenal The method of adjusted leainmg, as 
described by Woodwoith [18] and Gillette [6], was used A moie 
detailed desciiption of the method, as applied to oui pioblem, will 
be gnen 

Foi the learning of the meaningful lists the subjects woie dnected 
as follows want to see how quickly you can learn to associate two 
words so that when I show you the fiist woid you will iiniucdiatoly 
lead it and give me the wmrd that was paiied with it On this caul 
you will see two wmids in succession Read them both aloud and try 
to connect them m youi nund, so that whenevei you see the fiisfc word, 
you will think of the second word 

Dining the fiist presentation of the list, both the fiist member and 
the second mem'bei of the pair were exposed foi approximately SO 
seconds, and the subject lead them aloud in succession Beginning 
with the second presentation, the experimentei exposed only the first 
member, the second being covered by his hand A set inteival of 
time, not exceeding 30 seconds, w^as allowed the patient in which to 
lecall the second member 

The caids were shuffled before each presentation of a list When 
the second membei of the pair was correctly anticipated, the caid in 
question was eliminated fiom the pack By employing this method 
the factor of overlearning was eliminated, and all the pans of the 
list could be regaided as leained to the same criterion of one conect 
lepetition 

The same procedure was used m learning the semi-meaningfuI hats, 
in which the pairs consisted of a common household commodity 
paired with a nonsense syllable In order to make the task of learn- 
ing easier foi the nonsense syllables, they weie introduced as possible 

^Because Saturday was a treatment day, and the patients wero not available 
foi tcBting Sunday, on^ list each week was leieorned 48 houie after treatment 
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bianrt namcb foi tlie houbehuld coinmoditica with which they were 
paired 


Retention 

The ictentioii tost ooneisted of thioc patts recall, iccognition, and 
reloainmg In testing letcntion by the iccall method, each card was 
piosented with the fiist membei of the pan exposed, and the subject 
waa asked to give the second member, whicli was covered by the 
expel imenter’s hand Aftei eacli exposure the patient was asked if ]ic 
reinemberod leaimng the woid befoie, if he was doubtful about it, or 
if he dididt lemember learning it beloie The second membei of the 
pan was not exposed at any tune dm mg lecall, regardless of whctliei 
the patient answered coircctly 

In testing letention by the lecognition method, the patient was 
handed the leoognition cauls and was asked which of the foui wmds 
on the light lie thought went with the om on the left (Sec Table V ) 
If tlic patient protested that he had nevoi learned the pair jncviously 
and, thciefoie, could not make a selection, he was asked to guess 
After each icsponse the patient was asked to indicate whcthei it was 
a mero guess, doubtful, oi certain 

In testing letention by the saving method or relcainmg method, the 
leaining cards weio picscntccl m the same way as foi the ongmal 
leaining task, and the method of adjusted learning as described pie- 
viously was utilized 

Leainmg difficulty was measuied by the number of times each item 
caul had to be exposed befoie it was conectly anticipated This, of 
course, moludod the initial exposure, m whieli no correct anticipation 
was possible, but not the last exposure, which was, of course, the 
criterion tiial and had to be oouectly anticipated 

The lelearning score was computert in the same way, but allowance 
was made foi the coirect j ecalls and recognitions that preceded releaim- 
ing If an item was conectly recalled, it was legarcled as not lequiiing 
any leleainmg before coiiect anticipation, theiefoio, conectly recalled 
items were sub ti acted from the total score in the subsequent releammg 

If an Item was not coirectly lecalled duiing the leoall test, but was 
conoctly lecognized during the recognition test, however, such correct 
recognition was icgardcd as an extia repetition Thorotoie, all coriect 
rGoognitions ivere added to the score. This losulted in tho following 
scoring foinmlft for the lelearnmg scoio number of lepetitione neces- 
sary to relearn a list (exclusive of last criterion repetition), minus 
items correctly recalled, plus items coireotly iccognized 
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Results 


Th(3 following questions aie ans\\eied by an analysis of the lesulta 
obtained on the individual patients 

1 How does learning ability vary before, duiiiig, and aftei the 
course of ticatment? 

2 How does ictcntion, as measuied by the saving method, change 
during the couisc ot ticatment? 

3 Does electijc convulsive theiapy (ECT) aftect meaningful and 
semi-meanmgful mateual diffeientially? 



Fig 3. Number of Item repetitions required to (earn and relearn 15 
lists of 15 meaningful paired associates each before, during^ and after ECT 


Tlie day-to-day learning and lelearmng of one patient P is shown in 
Fig 3 This figuie leads as follows On the first day of the contiol 
peiiod (day 0) the patient lequned 22 item lepetitions befoie learning 
the list to the ciiteiion of 1 successful icpetition On the fifth day she 
relearned the same material and required 23 item repetitions to satisfy 
the cuterion of 1 correct repetition The other points on the graph 
aie read similarly The days on which shock was administeied are 
indicated by a thin vertical line Because the day-to-day lecorcl ib 
BO iriegular, it is difficult to draw definite conclusions fiom it, except 
to note that there was a couBideiablo increase in difficulty of learning 
witli the intioduotion of shock 

In order to simplify the treatment of the data, the learning period 
was divided into foui parts (1) the control period, fiom the first to 
the twentieth day (including the initial shock-tieatment day), (2) 
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the iiiitifl) ticafcinent peiiofl (tn^eiity-fiirit to twenty '-seventh dnv), (3) 
the final Ueatment penocl (twenty-eighth to fifty-filth day), and 
(4) tho post-tieatinent penoci lusting 16 days 

The avciagc learning and iclenimng scoics for tho foui cxpciimental 
conditions aie shown in the second anrl thud columns of Tabic VI It 
will be noted that the avciago Icainmg scoic inci eased consideiably 
duiing the final tieatmcnt pciiod In oidci to dcteimine whcthci the 
clifteiencca in learning induced by the ticatuient wcic statistically 
significant, the four moans weic compaicd with each othci by the 
technique known as analysis of vaiiance ^ These means weic found 
to diffci significantly fiom each otlici, indicating a degioo of diffoi- 
cntiation on the 01 level of significance Similarly, tho means of the 
lelearnmg scoies weie also loimd to be statistically significant 

It cannot be decided fiom the ic&ults of this analysis whethoi the 
shock tieatments actually affected ictcntiou, since oui measuie of 
letention is dcjiendeut upon scveial factors (1) difficulty of original 
learning, (2) difficulty of relearning, and (3) lotcntion itself Hence 
we must devise a method ioi keeping constant tho fiist two factois if 
we aie to detcimine the influence of shock on ictention itself To 
effect this, an aualyBis of cu'vaiianco was undertaken [5, 16] 

Analysis oi oovanance consists essontmlly of leinoving the influence 
of one factoi while consKlcimg vaiiatmas in anothoi factoi Jt pei* 
foiins the same tusk m analysis of vanance that paitial coiielatiun 
pel forms m the analjr^is of con elation coefficients In the picsent 
problem analysis of covananco icmovcd the influence of the ougmal 
learning scores from the leleaiuing scoies and thus piovided a ineasare 
of piuo letcntion unaffected by the influence of vaiiations m difficulty 
of initial leaining The fiist step vas to pi edict by means of a legics- 
siuri equation the leleainiug scoio on a given day from a knowledge of 
the initmi leainmg scoic The riiftorcncc between the predicted and 
obseived leleaimiig ^coies \iould bo confined to chance fluctuations if 
shock did not altei lotention 

Table VI shows the initial leainmg score, lelcavnmg scoie, and pre- 
dicted leleaimug scoie foi the foiu experimental conditions In the 
next column aie shown tlic deviations between the picdicted and 
observed scoies. These deviations must be investigated to determine 
whetliei they ate due to -chance befoic any significance can be attached 
to them The means lor the ^alloua conditions differ significantly 
from each othei and aie less than expected foi the two contu)! condi- 
tions (piQ-ticatment and pust-tieatment) and considcuvbly huger 

® Tina torhmque la moiely an olaboratiou of tho companson of two incamj 
^vlth their atandard eiror of tho diffeionco Bv moans of this toelmiquo, statis- 
tical compaiisons eau bo made of four averages all at the same tune 
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TABLE VI 


Leaiininq, Reeeahning, and Saving Scores for Meaningful Paired 
Ahbociatls (Patient P) 



Number 

Loarn- 

mg 


liokarmng 



Per- 

Condition 

of 

Lists 

Ob- 
sei vocl 

Pre- 

dictod 

Dif- 

ference 

Ad- 

justed 

Saving 

centago 

Saving 

Control 

6 

36 0 

20 4 

29 2 

-8 8 

23 3 

18 6 

44 2 

Initial troatmont 

3 

35 7 

38 3 

29 5 

8 8 

40 0 

1 0 

2 4 

Final ti’oatmunt 

6 

67 2 

66 0 

42 9 

13 2 

46 3 

-3 4 

-8 1 

Post-trofttinont 

5 

28 8 

16 0 1 

26 6 

-10 6 

21 6 

20 3 

43 6 

Total 

18 

41 8 

32 1 

32 1 

0 0 

32 1 

9 7 

23 2 

F mtio 

P 


7 62* 
< 01 


■ 

■ 


■ 

■ 


til tin expected rnidei the two expeiimental conditions It may be 
concluded thnt^ %Yhcn shock is inteq^olated between leaining and re- 
loainingj a considciable loss in ictention occuis, in contrast with the 
saving which occuis uuclci control conditions 

If it is assumed that the Icuinmg difficulty ol each list was constant 
at 418 (the average learning scoic), the corresponding leleaining 
score would be 32 1 (the a\eLage icleaining score for the entire experi- 
ment) By algobiaically adding to this expected meafa perloimance 
the amount of deviation for each expeiimental condition, we obtained 
a now senes of adjusted means, which aie fice of the learning difficulty 
level but which neveitheless reflect the differential effects of the control 
and expeiimental factors These adjusted means and the corresponding 
percentages of savings are shown m the last three columns of the table 
On the basis of this pioccduic the saving during the shock period 
vanishes completely, mdicatmg that, when the effect of shock on 
Icainmg ability is luled out by statistical means, retention is found to 
be completely wiped out by shock 

It must, however, not be concluded that the absence of saving indi- 
cates a destiuction of the memoiv tiaces As was shown previously 
thiough a study of mteiference effects [20], the memory traces me 
not destroyed, they are simply disoiganized and theiefoie cannot 
eon tribute towaul the task of relearning ^ 

The results for the scmi-moaningful matciial w^ere quite similar to 
those for the meaningful material with the exception that, although 
more effort was required to learn the semi-meaningful mateiial, le- 
learnmg proved to be considerably easier Similar findings on this 
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diflercntia! in letontion between meaningful and semi-meamngful 
niRtciial have been lopoited by Hull [11] 

Recall Thus fai, wc have dealt only with ictcntion, as mcas- 
iiied by the iclcaining method How does EOT aftoct iccall? On 
the 2 days befoic shock was aclmiiiisteiccl (math and fourtecntli clays) 
6 and 4 items lespeotively woic iccallccl Aftci the intiodiiotion of 
shock, lecall diopped out completely and did not loappcm until after 
the shock treatments wcie ended Then it giadually ictmned to its 
prc-tieatmcnt level Similai icsults wcic obtained foi the semi-mean- 
ingful mateiial 

The data foi the four expeiimental conditions, togctliei with an 
analysis of variance for both types of matej jal, aie shown in Table VII 


TABLE VII 

Avbiuqb Number of Items Recalled in Meaningful and Semi-mbaningpul 
Paired Assocutes by Experimental Conditions 
(Patient P) 


Conditiona 

Meaningful 

Senu-meamugful 

Numhoi of 
lists 


Numlxjr of 
lists 

Mean 

Control 

3 

■SB 

2 

I^HQBi 

Initial troatmout 

3 


3 


Ibnal treat mont 

4 

0 0 

6 


Post-trcfttmont 

5 

2 1 

6 

3 2 

Total 

16 

I 4 

15 

1 1 

Number of items pci 





list 


16 0 


10 0 

P ratio 

8 07 

6 09 

P 

< 01 

< 

01 


It 13 quite apparent that the mteipolation of shook between learning 
and lelearmng caused lecall to vanish completely and produced a 
significant decline below the amount of recall noted m the contiol and 
post-treatmont periods 


Recognition 

During the control period the patient was able to recognize cor- 
leotly almost all the 16 items AVith the beginning of shock, however, 
retention as measured by recognition dropped slightly During the 
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final ticatmcnt period it clropjicd even further, but after tlie end of 
ticatment it letuined to its pre&hock level The coiicsponciing data 
for the semi-ineaningful material shows a similar pattein The drop 
began in the initial shock period, descended further during the final 
shock peiiod, and lecoveied to its pie-tientment level m the post- 
tieatmcnt peiiod 

Table VIII shows the data for meaningful and semi-meaningful 
paired asBociates by tieatment periods It may be concluded that 


TABLE VIII 


AVEHA.OB Number op Items Rbcoonized in Mbaninopul and Sawi-MBANiNGPUL 
Paired Associates by Expbrimentaii Conditions 
(Patient P) 


Conditions 

Moauingful 

Semi-moamngful 

Number of 
hats 

Mean 

Number of 
llBt3 

Mean 

Control 

6 

14 6 

4 

10 0 

Initial treatment 

3 

14 0 

3 

9 7 

Final troatmont 

8 

11 7 

5 

8 0 

Post-iroatinont 

5 

14 8 

5 

10 0 

Total 

10 

14 0 

17 

9 4 

Number items per 





list 


16 0 


10 0 

F ratio 

2 33 

3 80 

P 

> 

06 

> 

06 


theio is a slight, but non-signifieant, loss in lecognition during the 
tieatment period m both meaningful and semi-meaningful paned 
associates. 


Apparent Loss of Familiarity 

Despite the lesistance to impaiiment that recognition offers, closer 
analysis of the lecognition process indicates that certain qualitative 
changes take place in it In earlier experiments several cases were 
observed from the moment of shook to the moment when they were 
fully iconcnted The patient spends fiom 3 to 10 minutes in a state of 
complete disorientation About 10 minutes after shook, however, 
when the patient is sufficiently leoriented to answer questions, he veiy 
often exhibits the phenomenon of jamaw vu Everything about him 
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seems strange and new JIo cannot lemcmbei ever having seen the 
examinei befoio noi the place he is in He sometimes docs not even 
remember Ins own name, and women will often give tlicii maiden 
lathei than mainec! names Aftci a little while tins ]amai8 vxi phe- 
nomenon beeiiib to disappcai, eithei of its own accoid oi thiough the 
patienVs lelcaining by icnewed contact with his envnonment 
When tlio recognition cauls aie shown to him soon aftoi shock; the 
patient protests that he nevei saw them bcfoic When iiigccl to guess, 
however, he will guess coiiectly moie otten than would be expected by 
chance This loss of familianty despite the picscnce of the memoiy 
tiacc has been called ^^appnrent loss of familianty If no icleaining 
takes place, this appaient loss of familiarity is found to peisist after 
the immediate confusional peiiod following the shock is ovci 
Table IX shows the appeal ance of this phenomenon in the mean- 
ingful paned associates soon aftei the fiist shock, its continuance 
during the shock period, and its complete disappearance in lists leained 
after the end ol theiapy Table IX also shows the data for the semi- 


TABLE IX 

pEHl’BNTAai* OP CORTIJ CT RpCOaNITlONS ACCOMPANIED BY 
APPARhiNT Loss Ol FamIIJARITY 



Meaningful 

J:5onii-moaningful 

Conditions 

Numboi of 
lists 

Porcontago 

Number of 
kstfl 

Porrontago 

Control 

13 

00 0 

12 


Initial treatment 

16 

63 9 

16 

41 6 

Final treatment 

22 

77 3 

20 

68 1 

Posl^treatmont 

14 

00 0 

12 

00 0 

Total 

04 


69 



meaningful material A quantitative analysis of these data indicates 
that during the tieatment peiiod flora 40 to 70 per cent of the coriect 
recognitions aie chaiacterized by this loss of familiarity 
Thus far, it has been shown that lecognition and familianty will 
suffei when electio-shock is mtei posed between the leaining and the 
testing peiiod But what happened to the material learned during 
tlic Gontiol week befoie shock was introduced? This material con- 
sisted of the oldest memones implanted, and no shock intervened 
between its initial leainmg and its testing 24 hours later Did the 
treatments alfect these memones also, and how long after treatment 
did the eftects persist? In older to answer these questions, the lists 
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taught dining the contiol week were reviewed 2 weeks aftei the end 
of tieatinent, or some 60 days aftci thou initial learning Recall was 
still absent, and theie was a slight decline in lecognition, as compaied 
to the oiiginal xccugnition test The appaient loss of fainihaiity pei- 
sisted No such loss of fainiliaiity has been obseived in mateiial 
learned aftei tieatmcnt, noi has it been observed in patients nut 
leceiving treatment 

It would seem as if that pait of the iccogmtion piocess which 
depends on the awaieness of fainiliaiity splits off fiom the memoiy 
trace dining the treatment peuod and lemains split off, but the basic 
memoiy tiace on which the recognition piocess depends is not impaiied, 
since the patient can recognize coiieetly even though he is unaware of 
the basis foi his lecognition 

This appaient loss of familiarity may peihaps play a greater lole 
in the therapeutic piocess than is now appieciated If the shock 
affects eailiei peisonal memones m the same way that it affects the 
mcmoiies implanted in this expciiment, it may tend to have a salutaiy 
influence on those poiceptual cues in the patient's enviionmcnt which 
tended in the past to evoke anxiety oi iintation If shock makes it 
moie difRcult to iccall eailiei memones spontaneously and if it causes 
loss of familial ity lor objects and events that piesent themselves 
bofoiG the patient, this reduction in perceptual cues may help the 
patient lesume his place m society Thus fai, howe^ei, theie is no 
expcnmental proof that shock affects the feeling of familiarity foi 
events occuning befoie the contiol week Clinical impressions and 
obseivations have been lecurded on the patients used m tins study, 
however, which beai witness to the letroactive effect of these shocks 
on familial ity foi eaiher memones* Thus, one patient looked into 
hei clothing closet and demanded to know wdio had put dresses in 
there wdiich she heiself had bought and placed m the closet several 
months previously Another could not realize that the wiistwatch in 
his dresser drawer in his apaitment was his own and, although he 
assumed it must be, could not remember how he obtained it It is at 
least plausible that, if ho had not been reminded by his father (or in 
our terminology, i Gleamed) that it was a gift, he would have continued 
to have a loss of faimliarity for the origin of the watch 

Whothei this loss of famihaiity is itself a basic cause of improve- 
ment or whether it is merely a reflection of the lessened anxiety which 
the patient feels in general is difiicult to estimate at this tune Fuithei 
woik ifl being ^continued with more personal memones whose piesence 
can be dotei mined before treatment begins 

Because fiee-association responses probably depend upon long- 
endunng memones and at least some of them seem to be emotionally 
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chaiged, the fice-assocmtion e\pcnment is voiy suitable foi investi- 
gating the mfluenoe of ECT on inoie i^cisonul, emotionally tinged 
memones To this end the woul-absociation test may bo given befoie 
electnc convulsive tliciapy begins, and thciesponses classiiiod accoid- 
ing to the degicc to which they may be indicative of emotionality 
ri) slow 01 vciy quick icaction timC; (2) complete blocking of lesponse, 
(3) clang RBSociatum, like bell-iell, (4) phuiHe instead of a single 
icsponse word, (5) piopei name, (6) icpetition or paitial lepetitum of 
stimulus woid, and (7) perscveiation Alter EOT is completed, tlic 
patient la letested with the same wuicls to note wliethci \m icbponsos 
have changed and whethei he gives fewer emotionally tonec[ responses 
after tieatment 


SENSITIVITY TO LIGHT IN HYSTERICAL BLINDNESS 

The hysteiical patient is sometimes cbamctcnzcd by tlic fact that 
he suffers from a loss oi chstiu banco of bodily functions, such as sight, 
healing, or touch The symptoms of the hysteiical patient scorn at 
first glance to be due eithci to an oiganie caubc or to mahngciing, but 
neithci of these two suppositions is conect No organic basis suffi- 
cient to c\pla]n tliesc symptoms can be found, noi is tlio patient con- 
sciously misrepieaentiiig or lying In oidei to dcteimine whether 
theie 18 an actual loss of sensation oi only an appaiuut loss, diioet 
obseiwabiun and mcRBuiement of the affected area aie not suitable, 
because the patient fails to lepoit any sensation whenc\ei the affected 
area is involved The following expciimont indicates that, despite the 
fact that the patient suffeimg fi om hysteiia does not ^^pciceivo” ceitain 
stimuli, he neveitheloss can leact to them even though lie is unaware of 
this reaction Two cases have been selected fiom the litoratuic, one of 
hysterical blindness [2] and the other of genuine organic blindnoas 
(hemianopsia) [10], m oidei to contrast hysteiical blindness with 
organic impanment of vision and to demonstrate the methods used 
The hysterical patient was a 46-year-old male who became weak while 
attending a meeting, noticed feelings of numbness, and fainted Aftei 
admission to the hospital he began to complain of bilateial partial 
blindness and deafness of tlie left cai His visual fields woie plotted 
at this time and found to be asymmctucally icstricted On the basis 
of hia clmioal behavior and ophthalmological findings he was diag- 
nosed as a psychopathic personality wiUi hysterical sylnptoms The 
case of hemianopsia was a 26-yoar-old woman who had boon operated 
on to remove part of the left occipital lobe Her visual fields showed 
a right homonymous hemianopsia 
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Facilitation and Inhibition of Eyelid Reflex 


Fust, ft test was made of the blind aieft m the hysterical pntient by 
piescntmg, in landom ordei, light stimuli to the blind aiea and to the 
seeing ftiea, with instiuctions to the patient to lespond by tapping with 
lus fingei whenevei he saw the light He mvaiiably tapped when the 
light fell on the seeing aiea and did not respond when it fell on the 
blind aiea Appaiently the direct approach of dotei mining wliether 
the patient was capable of consciously peicei\ing light m the affected 
area yielded negati\e results A moie indiiect method, independent 
of conscious lepoiting, had to be found 

The method selected depended on the fact that stimulation in one 
modality may augment oi inhibit the lesponse in another modality 
Hilgaid [9] had lepoitcd that the noinml leflex lesponse of winking 
to a sudden noise can be modified by flashing a light into the eve 
befoic the sudden noise is heard If the time mtcival between light 
and sound is extiemcly short (25 to 50 milliseconds), the noimal reflex 
is augmented, whcicas, il the time inteival between light and sound is 
lengthened to 100 to 200 milliseconds, the noimal icflcx is consideiably 
1 educed The appaient reason foi this phenomenon is that light by 
itself will also produce a wmk leflcx ol a ludimentaiy type If the 
time intcival between light and sound is such that the effects of the 
two stimuli can siimmate, the resulting lesponse of the hd reflex is 
augmented consideiably, even moie than would be expected from 
mere arithmetical summation of the two responses When the time 
mteival is longer, the two lesponses intcifeie with each other, and 
inhibition results 

The method utilized m this cxpeiiraent will detect the piesence of 
an eyelid leflex to light even though it is too faint to pioduco actual 
hd movement Fmthennore, this method can be tested in the blind 
aiea and m the seeing area of the patient, the seeing aiea seivmg as a 
contiol foi the blind aiea 

Figuie 4 gives a diagiam of the appaiatus used The movement 
of the eyelid was photographed by Dodgers shadow method [3] The 
shadow was piodiiced by attaching an aitificial eyelash made of papci 
to the left eyelid The sound stimulus, which was magnetically con- 
ti oiled, was pioduced by a wire hanimei striking ft wooden lesonatoi 
The visual stimulus was produced by suddenly illuminating a piece of 
white blotting paper Tho film foi photogiaphing the movement of 
the eyelid was canied by a pendulum-photochronograph, which at the 
Sftme time conti oiled the interval between stimuli 

Some sample lecords are shown in Fig 6 The mteival between the 
sound and the light stimuli which was intended to produce reinforce- 
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monk of the eyelid leflex to wuiul 46 milliseconds, wheiens tho 
inteival which was calciilnted to inhibit the icflcv v ns 120 milliseconds 
In oidei to facilitate the succcssnc illumination of the seeing field 
(oil the left) and tho blind field (on the light), a lotatiiig inirioi was 
utilized as shown in Fig 4 When the patient was jilaccd in imsition 
foi the expeiiment, tho ontiic field of vision subtended an angle of 10 


Stiinulus light 
(ISO watt) 



Fig. 4. Diagram of apparatus employed in the production and recording of 
conditioned eyelid responses 


degi-ees about the fixation points, ranging from 17 degrees of retinal arc 
to tho left up to 27 degrees to the light of the fixation point. Tho 
white blotting paper used as the illuinmnting smfaco subtended 4 
degrees in the vci tical dimension The choice of these positions was 
dictated by the Jieed to avoid the blind spot and yet to be well within 
the visual field The intensity of tho sound stimulus w'us selected so 
that it was loud enough to cause a lellcx wink and W’as hold constant 
at this intensity thioughout the cx]ieriinent 
In order to force the patient to maintain a constant position, his 
head was placed against a foichcad icst and a luting boaid placed 
between his teeth The right eye was covered so as to exclude all light. 
Frequent rests wore given to avoid discomfoi t The breathing before 
each presentation of tho stimulus was controlled by command, and no 
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Fig. 5. Reproduced records of normal, Inhibited, and augmented reflexes 


A riio In Iho oyolld shadow Indicates lid elojure The occurrence of the light shows os a darkening 
at the lop of the record The sound shows as a brook In the white line just below the lid shadow 
Radial time lines read In units of 5 milliseconds Every tenth lino U emphasteod, so that the larger 
units are SO milliseconds Bach record represents about 0 8 second Curved abscissae, due to the 
path of the pendulum, furnish base lines for reading amplitude, their spacing being 1 mllllmeler on 
records. (From Hllgard and Wendt [10] ) 


017 


bieathing was peimitted dining the piescntntion of stimuli In oidei 
to acquaint the patient with the piopei pioceduie, it was neccssaiy to 
give scvGial preiimmaiy trials The experimental design consisted of 
the piesentation of the following foui types of stimuli in landom oidoi 
(1) light alone, (2) sound alone, (3) light picccding sound by 46 
inilliaeconds (rciufoi cement) , and (4) light pioccdiiig sound by 120 
milliseconds (inhibition) 

Figuie 6 shows the i espouses obtained under these foin types of 
conditions in the loft (seeing) field The lesults indicate tliat, when 
light alone is presented, the leflex lid movement nevoi occius This 
holds tiue of the noimal as well as of the blind jiart of the field When 
light piecedcs sound by 45 milliseconds, a tendency to wink appears, 
but when light piecedes sound by 120 niilhseconds, this tendency to 
wink 18 partially inhibited 

The method desciibed was used foi the case ot hemianopsia and 
,661 ved also foi the hysterical patient with the following modification 
A light was piesented just above the fixation point in the aiea wheie 
the hysteucal patient could see and again finther above the fixation 
point in the aiea wheie he could not see The stimulus was picsonted 
at a distance of 30 oentimetois fiom the eyes and subtended an angle 
langing from 5 degiees to 9 degrees above the fixation point In tlio 
area of blindness the stimulus extended fiom 16 degiees to 20 dcgicos 
above the fixation point The patient used binocular vision, and the 
stimulus consisted of patches of white bond papei illuminated from 
behind, giving an appioxiinatc biightness of 1 apparent foot-candle as 
measured with an illummometei The patient reported seeing the 
light by tapping witli his fingei Whenever the light was presented 
to the lower (seeing) portion of the field, he tapped, but he never 
leported the hglit when presented to the upper (unseeing) field 


Results 

Neither the seeing aiea of the eye nor the blind area was capable 
of yielding a measurable lid response to the light stimulus alone The 
results obtained when light stimulation was mtioduced in oonjuction 
with sound are shown in Table X 

Tor the hysterical patient, when light preceded the sound by 46 railh- 
seconds, tlie reflex to sound was strongly leinforcod When the light 
preceded the sound by 225 milliseconds, theie was ahnoHt complete 
inhibition of the reflex to sound This reinforcement and inhibition 
were the same, regaidless of whether the stimulus light was presented 
in the blind or the seeing area 
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TABLE X 


AilPLlTUDE OF TUB LiD RefLBX TO SoUND IN HYSTERICAL BLINDNESS 
AND HbiO ANOPSIA 



Hysterical Blindnees 

Hemianopsia 

Interval botwoon 


Moan, 

Milli- 

Dovia- 




Mean, 

Milk- 

Dovia- 



Light and Sound 


tion 

from 

DftTD 

P* 

N 

tion 

from 

D/(jd 

P* 



meter 

Control 




meter 

Control 



1 Control (sound 











alone) 

6 

3 7 

— 



8 

1 6 

— 



2 Rouiforcemonfc 











(45 railbsoc- 
one! interval) 
a Seeing area 

6 

12 0 

8 3 

4 10 

< 01 

9 

3 7 

2 2 

1 44 

07 

b Blind area 

6 

12 4 

8 7 

1 

4 60 

< 01 

8 

1 2 

-0 8 

-0 18 

43 
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* Slnc50 the direction of the deviation is established on the hmn of previous 
exporiraontation, the value of P/2 is given to mdiciite often the observed 
differenco would lie in the positive or negative direction, depending upon the 
hypothesis under examination (reinforcement or inhibition) 

The data for the patient suffeiing fiom hemianopsia aie also pie- 
sented in Table X In this patient the visual defect was oiganioally 
based, resulting from an ablation of a considerable portion of the left 
occipital area Reinforcement and mhibition effects were quite appar- 
ent when light impinged on the seeing area but were absent when light 
was piesented in the blind aiea 

When the sound was piesented vuthout being pieceded by the light, 
the aveiage amplitude of the eyelid in hysteiical blindness was 3 7 
millimeters, and in hemianopsia 1 6 millimeters This control level 
may serve as a standaid foi compaiing the amplitude under the two 
experimental conditions for the seeing and the blind aieas The 
deviation of the vaiious amplitude measurements fiom this control 
level IS given in the column in Table X headed ^‘Deviation fiom Con- 
trol In order to obtain a good estimate of the standaid eiror for 
these measuies, sepaiato analyses of variance were made for the data 
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of the hy^tciical patient and that of the erne of hemianopsia The 
withm-condition vauance was obtained and convcited into a standaicl 
deviation, which was found to be of the same magnitude in the two 
patients, 3 27 and 316 The cnee of hystciia showed a significant 
augmentation m eyelid reflex foi the 46~millisecond inteival between 
light and sound Both the Bccing aica and tlio blind aiea sliow('d the 
same magnitude of deviation, and the diffeicncc between tlie two aioas 
was not statistically bignificaut Similaily, when the inteival between 
light and sound was 226 milhscconds, the eyelid leflex piactieally dis- 
appeared m both areas 

The ease of hemianopsia showed an augmentation of the eyelid 
reflex foi the 45-milli8econd mtcival and an inhibition for the 120- 
millisecond mteivaf in the seeing aiea, but piactically no change in 
the blind niea The close parallel between the bchavioi of the eyelid 
leflex from the seeing and blind aieas in the hysteiical patient was not 
found in the case of hemianopsia Although the diffei cnees between 
the blind and the seeing areas in the case of hemianopsia aio not quite 
statistically significant, the geneial diiection indicates that the 
response of the blind area is uninfluenced by light, whcicas that of the 
seeing area seems to be influenced by light Subsequent data from 
another trial with the hemianopsia patient weie found to show a statis- 
tically significant diftcrencc between the seeing and the blind areas 

Conditioning 

Fuithei experiments with the hysterical patient were conducted m 
an attempt to condition the eyelid leaotion to light in the blind aiea 
The unconditioned stimulus was a puff of air against the coinoa, and 
the conditioned stimulus was the same visual stimulus as desenbed 
above The light pieceded the puff by 400 milliseconds 

Although the patient nevei reported seeing the light, he gradually 
developed a tendency to close the hd when the light appealed At the 
end of the experiment the closuie to the light had increased to such an 
extent that he was closing his eyes completely to a light which he did not 
report as visible* As indicated by Table XI, the amplitude of the 
eyelid responses was practically the same for both the seeing and 
the blind areas, being 16 2 millimeters foi the seeing area and 17 6 
millimeters for the blind area, a diffeience well below statistical 
signifloance. 

Verbal Conditioning 

In the two preceding methods, the patient^s sensitivity to light was 
detei mined by reflex and conditioned i espouse methods In the third 
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TABLE XI 


Conditioned Responses to a Light Pbhsbntbd in Blind and 8eeino Ahbas op a 

Hvstbiucai. Patient [2] 



Amplitude oi 
Conditioned Response, 
millimeters 


N 

Mean 

Seeing area 

0 

16 2 

Blind area 

6 

17 6 

F ratio 


0 0 

Probabibty 


> 06 


method to be rcpoited, the patient was tiamed to shout “Light P' each 
time he heard a ceitain sudden sound The sound was then repeatedly 
piesentcd just aftei a light in the blind area The pioblera to be 
examined is whethei piescntation of the light alone will cause the 
patient to shout “light” when the light impinges on the blind area 
In two instances the patient pionounced the word "light” even 
though he w'tts unable to pciceive it consciously, since it fell on the 
blind area In thnteen othei instances tlieie w'as a sharp intake of 
bieatli 111 piepaiation foi shouting, but no word actually came. 


Summary 

It was found possible to demonstrate tliat a hyateiical patient can 
actually perceive light sensations in the part of the visual field which 
he consciously lepoits as being blind This was demonstiated by 
showing that a light jireceding a sudden sound will altci the normal 
wmk reflex to sound, regardless of whethei the light is piesented to 
the affected oi the unaffected aiea This phenomenon could not be 
elicited in the blind aiea of a case of hemianopsia Similarly, the 
hysteiioally blind aiea can be conditioned to give responses to light. 


EPILOGUE 

The three experiments lepoited in this chapter have exemplified 
the type of approach requned foi woiking with disordered individ- 
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Uftls These appionches by no moans exhaust the field The 'wuicl- 
associatJon expeumenfc js tho piototypo of the group of terluuqurs 
known as projective methods These techniques have in common tlie 
following (1) they are indnect nppioaches to flic cvalimtion of pei- 
sonality, (2) they deal with mateim! to which there is no light oi 
wiong answei, (3) they deal with niateiial so amoiplious tlmt tin* 
disoidcred peison can pi eject into them his own Icelmgb, attitiule 
fcais, and inaecunties These techniques aic powciful tools ioi inoh- 
ing personality and have pioved then woith m the clinic Not ^eiy 
much standardization has thus fai been attempted, and a caieiul, 
ngoioua expeiimental veiiflcation of the claims of the clinic now 
demands the attention of scientific lescaich 

The memory oxpeiiments with patients leceivmg ECT lUiistiato the 
type of basic psychological research that can throw light on tlieiupeutio 
pioceduies with disoideied persons The loss of memory was dim- 
cftUy obseived long before it was measiucd by psycliological tech- 
niques The cxpcnmental results indicate what paiticulai aspects of 
memory suffer under tho treatment and pave tho way for undeiatnnd- 
ing, at least in part, the psychological importance of tiro mommy 
changes that occui and their implications lor recovery yiiuilai 
investigations into the psychological functioning ol patients bcfoio and 
after frontal lobotomics, insuim thciapy, and similai thcraiioutic pio- 
cedures have been earned out and found to be useful in uiuiei standing 
both patient and theiapy 

The third type of experiment dealing with functional and oiganic 
disorders gives an indication of how the psychologist, thiough such 
indirect methods as oouditiomng, can sometimes ovaicomo tlie con- 
scious or unconscious tendencies of a patient to iiUcifeie with tlie 
proper functioning of his own capacities and can dctcrnuiic wliethci 
the reported defect is on an organic or a functional basis Othei 
methods for attaining the same goal are the use of chugs and hypno'^is, 
but these fields are so vast that only a passing refeiencc enu be made 
to them here Conditioning studies in psychotics have indicated tiuit, 
altlrough it is moie difficult to establish a conditioned lesponso in them, 
once established it persists longer 

Other types of appi ouches that have been found useful in studying 
the disordered person are voluntaiy and involuntary behavior, level 
of aspnation, interrupted activity Physiological studios utilizing 
the psychogalvanio skin response, respiratory and circulatoiy ehangi‘H, 
and parotid-gland secretion have yielded interesting information, by 
means of which the different types of disordered poisons can sometimes 
be differentiated for diagnostic purposes 
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Chapter 21 


Methods of Studying the Behavior 
and Development of Young 
Children 

Helen L. Koch^ 


The basic dynamics of child behavior i^ often not radically dilToronfc 
fiom that in the adult Since the differences that do exist between the 
young and the matin e aje chiefly m dogiec oi oinjihasis^ the inetlindH 
employed in studying children have been duocted townul many of the 
problems oxploied in adults As might be cxjiected^ liowovci, the 
greater tho extent to which child subjects deviate in ago fiom the 
adult, the greater are the necesaaiy mefcliodological adjustments, even 
when the same basic problems are approached This being the case, 
in ordei not to overlap the mateiial in othei sections tins chaptei will 
focus mainly on the lathcr unique methods which have been used m 
the study of infants and preschool children The chaptei will also 
omit discussion of methods of investigating pienatal behavior, this 
topic having been tieatod m Chaptei 15 


GENERAL PROBLEMS OF PROCEDURE IN RESEARCH WITH YOUNG 

SUBJEaS 

Motivating; Contacting; and Directing Young Children 

Studying young cliildren offers many difjicultics and challengers An 
infant, or even a presehoolei, cannot ho cxpocted to undcist/ind or 
follow moki diicctions, much leas lespond with words Young children 

1 Pro^eeso^ of Child Psychology, Deimrtmcrita of Psychology iind Homo 
Economics, University of Chicago 
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an3 ]ik(’ly to be uinvjlliiig to coo]icifttc ftncJ ha^s to be couited at every 
step The Riience of the two-ycai -old who does not choose to talk 
W'oukl be baffling even to a pi line mimstei, and the lack of ado with 
which the toddloi lenioves hinibclf fioin quaiteis that do not please 
him has punctured many an expeiimentci’s vanity Because the pie- 
schoolci IS a dependent creatuic, the mvestigatoi wdio deals with him 
is likely to find himself icsponsible loi the child’s physical caic — some- 
thing of a price to pay for the lueie privilege of doing a little obseiving 
And this 13 not the only pi ice, foi seivice must usually be given the 
child’s inothei in lotuin foi her coopeiation As a lesult the most 
imposing of our piolongcd longitudinal studies of cliildien have been 
made by woikers in clinics or leseaich stations which furnish giatuitous 
medical and psychological guidance foi childien Most of the infoi- 
matioii we have about preschooleis has been acquiied iiom the study 
of pupils m the iiuisery school Smely this is untoitunate, tor, since 
the home is the ically impoitant teiritoiy in the child’s environment, 
wo should know what is going on tlieie. 


Plotting Development 

Investigators who aim to plot developmental change ftnd they have 
many huidlcs to clear, m addition to those of communicating with, 
motivating, and contacting young subjects No completely satisfac- 
toiy method of measiu'ing is available Although some effoits have 
been made to devise techniques for absolute sealing, we arc still doing 
most of our ineasuung by systems which aie comparoble m then 
crudity to measuiing length by using a ruler maiked oft m unequal 
units 

If, as 18 often dcsiiable, the some children aie to be studied over a 
period of yeais, the loss of subjects may be veiy great Tamihes move 
away, the coopeiation of subjects is very difficult to sustain, and death, 
illness, and other casualties take their toll The mvestigatoi may 
need to start with 1000 subjects in oidei to follow as many as 100 
thiough a period of 16 ycais 

If, instead of follow'ing the same children for a long period of time, 
the cxjioiimentei uses different subjects at each age level, he is faced 
with the ivcll-nigh insiii mountable task of securing strictly comparable 
samples of the appiopiiate population foi his vaiious gioups At best, 
this normative cioss-section method, with its desciiption of successive 
ago gioups in teiras of measuios of central tendency and spread, por- 
tiays group trends, not the details of the piogiession of any one indi- 
vidual. Moi cover, when several tiaits m the same population are 
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measured, the method docs not clescnbc the details of cithci the i Na- 
tions or dynamica of the traits repiescnted in any single person 
Bcoause of the gieat complexity of development, an nivestigatoi 
usually contents linnaelf with attempting to measure the cum sc of 
change along only a limited numbei of dimensions lie has, hence, the 
fuithcr pioblcm of locating oi creating mstiuments suitable toi use 
with childien of diffcicnt ages and mcasuimg the same iiroccss oi 
ability Factor analysis is helping us to make piogicss with tins 
quest McNcnmr^s factoi analysis of the Revised Stanfoid-Binct test 
illustrates a pioimsing appioach [61] 


THE HEREDITY-ENVIRONMENT PROBLEM 
Control of Heredity 

One of the pioblems on which child psychologists have loeusscd much 
attention is individual diffeicnccs and the extent to vluch those derive 
from genetic oi environmental sources If it is desired to know moiely 
whcthci cnviionmental foices tend to pioduco (hfleieiicci^, identical 
tuins, triplets, quadiuplets, and quintuplets aic useful irmteiial, foi 
these ai'e individuals who develop fiom one ^vygotc and thoicfoio have 
the same heredity With heredity thus held constant, the ways in 
which the members of n monozygotic gioiiji diffei from each othoi must 
be the handwoik of niutuie On the basis ol the obsonation of a 
limited numbei of monozygotic gioups, it is obviously unlikely, how- 
ever, that one could gage the possible lange ol effects which onvn on- 
mental foices may pioduce, and ceitainly one cannot fathom just which 
environmental influences have been operative to cioatc the difTcrenccs 
noted 

The fact that individuals dovcloping fiom the same geim coll aic 
not born with labeltj, and their iclenticalnesa has to be do Un mined, m 
itself presents a pioblem to the investigator He can ncvei be abso- 
lutely certain of a collect diagnosis, but a leasonably dependable one 
can be made if the individuals icsulting from a multiple biith aio alike 
in a considerable numbei of traits upon vanance m which the cnvii’on- 
iiient has been shown to have lelativoly httlo effect See refeionces 
[46] and [64] Among such traits are blood type, sex, jnittcin of uib 
and of flngei, palm, and sole prints, hair coloi and form, shape of the 
pinna of the oai\ and ability to taste phenylthiooarbamuie Note in 
Fig 1 how similar the tiiplots are 

In those researches m which the effect of some one environmental 
influence is being studied, hoiedity is often held constant by subjecting 
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tlic ‘^amo individual to tlio bclected vaiiations of the experimental 
Miiialde A contiol gioup is UBually needed m experiments of this 
design to fuinish a cheek on the instiuinents used) as well as upon 
factors which may be affecting the subjects between then exposuies to 



Fig. 1 "Three of a kind" (Courtesy of The Children's Memorial Hospital, 

Chicago.) 


the experimental variable in its various forinB To illustrate, a child 
may be studied before and after placement m a foster home in an effoit 
to determine the impiess of the home upon him If the child’s IQ 
increases, one may feel inclined to credit the change to the foster home 


Ho would do well, hoTV£)V 0 i, to cousidcr Oiuofully bcfojc ho junips to 
conclusions, since the fostei home lepicsonts only one complex of 
influences winch have been playing upon the child Secondly, one 
niuBt be suic his mettsuies plumb what they aic supposed to plumb 
A child may scoie iclatively bcttei on his second inteiligoncc test 
because, being oldei , he coopeiatccl bettci, or because thexe wcic defects 
in the standaidization of the test A menial test in cinient use for 
pieschoolcis IS so standardized that it tends to unden ate two-year-olds 
and oven ate foui-ycai-olds If used, this test may make it appear 
that a child during his stay in his foster home has added greatly to 
his intellectual stature, when in reality, peihaps, he has gamed little 
01 none at all 


Control of Environment 

When we wish to keep environmental forces constant, while vaiying 
genetic ones, we aie m much deepci watci than ^\hen wc attempt the 
leverse, foi contiol of envnonnient in any absolute sense is impossible 
Even the best methods we have aic ticacheiously defective A few 
illustrations will suggest some common pitfalls It ih a mistake to 
inamtam, as has been done, tliat up until the time of biith childicu 
aio idontmady nmtmed, because thcio la abundant ovidonoe t)mt tlio 
prenatal enviionments of individuals tend to vaiy in significant ways 
The mothcr^s iiutiition, the extent to which she is liost to diseases 
which can bo ti ansmittod to the fetus, and hci possible possession of 
blood cliaiacteiistics unfavoiable to the child she is cariymg are all 
impoitant deteiminantb of the development of the fetus 

Compaiisons of the degiee of lesemblance between family inembcis 
with the degiee of lesemblance of non-ielatives usually yield no con- 
clusive findings with lespect to the foico of genetic effects, because 
family mcmbeis tend, on the aveiagc, to have iiioie similai environ- 
ments, as well as genes, than do non-iclatcd pci sons A common typo 
of study 18 that in which the degiee of lesemblance between fostei 
children and their fostei paients is compaied to that between eliildien 
and then biological paients It is ineoricct to assume that the small 
dilTei cnees that have been fioqucntly leported aie ovulcncc that the 
genetic simdaiity of childicn to then biological paients Ims little 
weight in dcteummng the physical and mental likeness they liavc to 
each othei Since social agencies tiy to match in vaiious ways a child 
with the people ui the foster home in which he is placed, this selective 
placement may operate to cause foster childien to show m some 
respeots considerable similarity to their fostei paients This sum- 
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laiity IS gicatei than would have obtained bad the childicn been placed 
at landoin The magnitude of twin dissimilai ity in identical and 
fiateniiil pans gives no ceitain clues as to the weight of genetic vaii- 
ables in the pioduction of the vaiiety we sec m human beings, foi the 
reason that the foicea of nii/tuie making foi divcigencc between the 
pan inembcis of identical and of likc-sex fiateinaJ twins me not 
efasontially equal By viitue of the fact, among otheis, that identical 
twins often look so much alike they cannot be told apart, they must 
leccive inoie neaily snnilai attentions fiom their enviionmcnts than 
do the pair members of like-scx fiateinal twins 


PROCESSES AND PAHERNS OF MATURATION 
Maturation Patterns 

Closely 1 elated to the studies of the influence of heredity and 
envuonment aie those conccined with the developmental sequence 
typical of luiinaii beings No oiganism can develop in a vacuum, and 
the bchavioial and sbiuctural unfolding chaiactcnstic of the membeis 
ol a species must be mediated by both extia- and iiiti a-orgamc foices 
which aie almost invannbly present It seems reasonable, then, that 
the methods of studying human maturation should be focussed upon 
the discoveiy of what the essential details of the human developmental 
pattern are and of what foices within and outside the organism are 
significantly involved either in piodueing the pattein or in detei mining 
the rate at which it unfolds 

It may seem to the reader that the discovery of behavioral sequences 
typical of the development of human beings would be very easy, but, 
on the contiary, the discnmmation of fine differences in behavior may 
necessitate long and painstaking observation One way Gesell [27] 
aided himself in distinguishing the behavior patterns typical of infants 
differing slightly m age was to place two babies of the ages under con- 
sideration side by side before him He would then observe them caie- 
fiilly and dictate to his secretary what he saw at the time he saw it, as 
well as take motion pictuies of the subjects Aftei the babies were 
gone, Gesell would mull over the records and review his motion pictures 
many times, searching for differences Piogiessions Gesell thought he 
obseived he would then attempt to verify on many subjects before ho 
made any claims for univeisality 

Below IB a selection of items from a sequence of accomplishments 
that Gesell [27] offeis as desciiptive of progiess toward walking 
Because eveiytlung the child does is lelated to everything else, the 
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behavior patterns listed have to be viewed as laiulinaiky in lus ]irogio&s 
in growing up lathei than any euniploto clcscnption 


Behavior 

Arpuox^^^A'^^ 

Anw <ii' ApPEAiiAm u, 
WFhKB 

Bead paga 

a 

IjOgfi c\t<»ndofl bnofly 

fi 

Supports a fraction of weight biiofly 

12 

HoEtd etoadily oicoi 

12 

Supports a lai go fraction of weight 

20 

Supports ontiro weight 

32 

Stands on tooa 

36 

Stands, holding mdo mil 

40 

Lifts foot while supporting ontiro weight 

14 

Pulls to standing, holding side lad 

48 

Walks, two hands hold 

18 

Lowers self, using support 

48 

Walks, one hand hold 

62 

Attains standing nulopondontly 

66 

Stands alone momenUviily 

66 

Walks alono a few atei)s, starts, stuiis 

00 


Photographic Dome and One-way-vision Screen 

So that the infants would be i datively free iroin distraction ^\llllQ 
being photographed and observed, Gesell [27] placed them in a photo- 
graphlo dome The walls of the dome weie made of one- way- vision 
screen, in which were set runnei tiacks on which oamcias could be 
moved up and down This airangcment made it possible to photo- 
graph the babies from almost any angle desned 
The one- way-vision scieen Gesell used was of very fine mesh and 
was painted white on one side, so that it reflected light chiefly towaid 
the subjects inside the dome and thus pi evented them fiom seeing 
through the wire, if the illumination inside the dome was highei than 
on the outside Persons on the outside of the dome — on the side left 
impainted — could, on the other hand, look through tho sciecn 
Screens of this type aie frequently used also in mu scry bchools and 
clinics By this device it is possible to avoid having chikUon influenced 
by persons who wish to observe thorn Parents may be convinced of 
the efficacy of certain guidance methods they have been resisting by 
seeing tlioir own childien who baffle them handled Miccessfully by a 
nurseiy- school teacher Students may watch an export test or 
view fl child by mo of this device 
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Methods of Mapping Actions 

Halverson, one of Gesell’a coworkers, did an especially fine piece of 
woik in diJiciontiatiiig age dilTeiences in the pattein of reaching and 
gras])ing among babies [33] Movies had been taken of the childien 
1)1 a standaidizcd setting as they reached foi blocks, pellets, and pieces 
of stung Hah 01 son mounted the piojectoi for the film so that it 
could be focussed on a piece of ground glass set in a table top (See 
Fig 2 ) The piQjcctor was hand diiven and provided with an adjust- 
ment for level sing By these devices the film could be exposed at any 



Fig, 2 Projection desk used for cinema analysis of Infant behavior and 
sample film strip, (Courtesy of Professor A Gesell See reference [33],) 


speed desiied, and any section of it could be easily repeated The time 
taken by any act could be computed merely by counting frames To 
facilitate further the disci imination of behavior differences, maps weie 
made of the couise of certain actions In plotting the route the 
intant’s hand took in approaching a cube, the experimenter stilled each 
finme and indicated for it the position of the tip of the child’s index 
finger by a dot on a map. The dots then outlined the course of the 
mdev finger This map and tlic movies fiumished data on the numbei 
of attempts the babies made to reach the cube, the number of failures 
ill grasping, tlio extent of overreaching, the dmeotness and height of 
advance of the hand, and the amount of hand rotation. 

Kieczor and Glanviile [46] similarly studied the action of hip, 
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Icncc^ and aiiklo joints in the walking of pci sons of vaiious ages 
Those invGstigntois nmpjiccl the coin sc of innikcd jiaits of the sub- 
ject's anatomy as shoAvn in movies taken ol the subject m a standard- 
ized position against a backgiound that contained lefeicnce lines 


Method of Understimulation 

The method of undeiatimulation, in contrast to those just discussed, 
which yield descriptions, is useful foi the analysis of factors influencing 
the tempo and pattern of developmental change Although the method 
has been used moie fieqnciitly and diamatically lu the study of lower 
mnmals than m the study of childicn, child psychologists have 
employed it in spite of its i isles Dennis [22], who was intcicsted 
in the effects upon the development of a child of dopiiving him of the 
usual social stimiilatioas, isolated two fiateinal twin babies fiom 
people other tlian then two keepers for most ot a year» The twins 
weie fed and kept clean but weie not talked to, smiled at, played 
with, appiovcci, or pumahed Screened even fioin each otlicr, they 
spent most of their day lymg in then cubs Despite tins vciy low 
amount of social stimulation, the babies made piogicss in many infant 
skills about as do babies who aic normally loared Othci examples 
of studies conceiued with the effects of undei stimulation aie thoao 
of individuals, who, aftci being without vision, have gamed their 
sight as ft losult of an opciation on thoir eyes [20] , Indian cluldien 
who have been oiadled and whose movements were icstiicted thus 
dui’ing much of their infancy [21] , and feial cluldien [76] 


Co-twin Control Method 

The co-twin contiol method, which contiasts the effects of under- 
stimulatiou with systematic tiaming along some line, has been popu- 
laiized by Gcsell and lus students [20] The method aims to reveal 
tho effect upon the latc of leaimng of incieliBcd pliysical inatuuty 
The design of the method is as follows One of a pun of ulcntical twins 
13 tiaiuecl in a specific akill, such as leachmg oi talking, and the otlicr 
twin as pi evented fioin having any cxpeiionccs closely i eluted U) this 
skill, Tlien ofter a time tlic troatmouli procedures are roveiscd for 
the two individuals If, as has usually been the case, the second twin 
acquires more rapidly the skill foi which the two were trained, this 
fact IS attnbuted to gi cater physical maturity Since the twins aie 
identical and domonstiated to be about equal in physical and behavior 



tiaits at tlic beginning of the experiment, heiedity, nati\e ability, and 
gcncial Gxi)ciiencc seem eliminated as dcteiminants of any difteiences 
tliat may appeal between them m the couise of the study It is, of 
coiiise, a question whethei gicatei physical inatuiity, tiansteiable 
experiences the second twin may have had during the peiiod wlien 
the fiist was being systematical ly tiained, oi both, aie responsible 
foi the inoio lapid leaniing of the second twin Gesell [26], Stiayci 
[66], and otheis tend to believe the maturity factor tlic more im- 
portant 


Method of (nferspecies Comparison 

To throw into lelief the effect of gross geno differences on the tempo 
and pattern of development, Kellogg [41] reaied with his own son a 
chimpanzee infant, ti eating the chiinjianzee as it he were human 
The ape and the human infant veie tested iieiiodically with the same 
tests, and tlic couiaes ot their development thus compared 


Method of the Abnormal Case 

The aleit oxpeiimentalist often sees in a fieak human being an 
“experiment" peifoiraed loi him by nature oi accident Instances of 
tins soit aie the cases of puboity piaecox Eeie nature alters ni an 
extreme fashion an internal piocess — m one type, foi example, 
increases the seciction of the cortex of the adrenal glands The result 
18 that the secondaiy and piimary sex characterigtics appeal abnoi- 
mally caily m the victims Some childicn who arc only a few years 
old become capable of procreation The extent of the effects of very 
eaily sexual maturing upon othei body tissues, as well as upon 
behavior and attitude, is an interesting problem into uhich consider- 
able piobing ha8 been done Nature oi accident may also leveise the 
puboi ty-praccox type of experiment for us and offei us for study 
subjects deficient in some way, such as in sex hoimones 

Picmatuicly bom babies lepiesent a case in wduch the usual environ- 
ment 13 altcicd, instead of an intcinal piocess, as m puberty piaecox 
These babies help us to answei the question of whethei the cxposuie 
of the infant veiy eaily in life to a more variable environment than 
the intrauterine one speeds the rate oi alters the pattern of his 
dovelopmcnt [35] 



PERCEIVING, ABSTRACTING, AND GENERALIZING 


General Methods of Analyzing Perception 

Whetlier an iiidividual’s perception is being influenced by an object, 
quality, or relationship can be deteimined by noting whether he leacts 
diffeicntly when the object, quality, or relationship is aitoiod oi 
removed It is of parallel inteicst whcthoi a jieison, upon cxposiuc 
to a variety ‘of etimuli, reacts similarly to those stimuli which aic 
alike The question of children’s ability to peiceive vaiious phe- 
nomena has, accordingly, been appioacheil via these two proccduies 
The child may be (1) exposed to two stimuli diffeiing in only one 
respect, and bis reactions to the two, whethoi learned oi immediate, 
studied, (2) requested merely to express his piefciences aniong stimuli 
differing in only one respect, (3) induced to vcibalizc ou the diffei- 
enoes he observes, (4) asked to match stimuli, (6) given the task of 
picking out the unlike item in a senes tlio units of winch arc alike with 
one exception, oi (6) instructed to copy oi iepro(luco a stimulus 

Since the infant is lacking veiba! skills and cannot follow divoctiou&, 
the fii st metliod is always employed to test Ins ability to disci iminate 
The really dilhcult task faced by expcnmcnteis dealing with the 
question of infants’ disci iminntoiy processes is to keep constant 
everything but the stimulus feature which is being systematically 
varied As was explained eaihei, the expenmenter can novel contiol 
all aspects of a situation He will do well if he can keep the major 
constant and ohance errois fiom befogging liia findings 


Experimental Cabinet and Stablllmeter 

To control as fa: as possible the stimulus situation of infants whose 
sensoiy abilities aie being looked into, what has been called an 
experimental cabinet has often been used [23, 38] See Fig 3 The 
temperature m the cabinet can bo kept virtually constant by means 
of a hoatei regulated by a thermostat Since the cabinet closes out 
light, it 18 not difficult to keep the light from varying. The cubicles 
that have been used, unfortunately, hove not been soundproof, but 
sound stimuli can bo kept at a minimum by housing tho cabinet in 
very quiet quarters There can bo no dnoct control over the tactual, 
kinesthetic, and visceral stimuli the baby receives 
Tho infant is placed in the cabinet on a platfoim suppoitod so that 
it Jiggles as the child moves This platfoim, called a stabihmetci, 
18 oonneoted through switches and an electrical circuit with a poly- 
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giaph pen, winch recoids the platfoim^s movements as oscillations on 
the tape of the polygraph With a time marker the tape can be 
sectioned off into units representing constant intervals of time A 
count of deflections on the tape, each lepresenting a movement of 
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Bg 3, Isolation cabinet for experimentation with Infants 

A •• cam«rai B ^ "cold llghu/' C » obiorvatlon port, 0 control for tempera hjr« and humidity, 
£ air tube, f »= recording polygraph (Courtety of Profeiior F, C, Dockeray ) 


gome soit, in any chosen time interval can then be taken as a measure 
of movement fiequenoy under a given condition of stimulation If 
it seems desirable, the magnitude of the defleotions can also be meas- 
ured* Since the number of a ohild^a movements and their magnitude 
tend to be highly con’elated, usually the frequency is adequate to 
indicate differences between individuals as well as differences in 
behavior on the part of the same individual under diverse conditions 
If, for instance, when a bell is rung, infants tend to inciease oi decrease 
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tlicii movements bcyonU what obtained dining the pievious it 

can be siis])Octcd that the sound effected the change in their bchavioi, 
iG, that they hem By the same genenai soit of 00101^11*5008; the 
sensitivity of infants to bounds and to lights of diffeicnt intonsitics 
and to ligiits of difteient colois, as neJl as to mteinal stnnuh such as 
those initiated by hungoi conti actions^ has been dctci mined 

It would be possible, although not likely, foi an infant to fail to 
show his capabilities foi disci immation 111 a setting such as has been 
desciibcd, because he is disiiitcicsted in the stimulus change Hcncc, 
ideally, in expeiiment^a of the^soit just outlined the test situation 
selected should be meaningful to the infant, and the adjustments he 
noimally makes to the Btimulua lather obvious 


A Method of Testing Color Discrimination in Infants 

Peipcds method of studying the coloi discrimination of infants 
meets tho tN\o conditions suggcbted above [ 66 ] Poipcr noted that an 
cyo-nock loflex occuiied in babies when they weio lield upright and 
a light flashed just above the love! of then eyes By inoi casing 
gradually the intensity of the light sent through icd, yellow, blue, 
and giccu niunochiomatic filteis, Peipoi iccoidcd the intensity level 
for each coloi when the cyc-ncck icflex fust occiiued Those liineu 
values foi tlic ioui colois, he made evident, differed with photopic 
and scotopic vision The bllghtno'^s oulei fiom high to low of tho 
colois in photopic vision was yellow, led, blue, and green, whereas 
when the child’s eyes weic dark-adapted, led and yellow docreasecl 
in biiglitness and gioon and blue inci eased Those changes aie at 
least in the diioction tho Puikinjc phenomenon would lead one to 
expect and thcicfoie suggest that the same coloi mechanisms aro opei- 
ative m an infant’s eyes as m an adult’s The student is lofeiied to 
the woiks of Chase [ 16 ] and Smith [ 64 ] foi Other methods of studying 
color vision in infants 

Method of Equivalent Stimuli 

When it IS desired to discover whether chilcUcn can loadily leain 
to discinnnmte a difference, a soit of conditioning procedure has 
usually been employed An illustiation of tins type of aiiproaeli is 
Bitig Chung Ling’s investigation [ 48 ] of tho ability of infants from 
6 to 12 months of age to discnmmatc between such geometnoal foims 
as a ciiclc and tnanglc Ling, fuithcimorc, attempted to assess tho 
capacity of the babies to foim shape concepts, 1 e , to react to ciicu- 
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laiity 01 triangularity, etc Ling relied upon the tendency of young 
liiiinans in their second half year to reach foi almost everything m 
sight, to put into their mouths whatever they succeed in grasping, 
and to be partial to sweets She pegged into a gray board which was 
placed befoic the baby m his cub a yellow squaie block and a ciiculai 
block of the same color The baby was trained to leach for the 
ciiculai block as follows The squaie could not be removed fiom the 
board, the circle could The baby, if he removed the circular block 
and put it in liis mouth, was lew^aided by a sw'ect taste, for the blocks 
had been dipped in a sacehaime tjolution This reward appaiently 
leinforced the success of dislodging the block The babies leained to 
reach immediately foi the foim foi which they were being trained 
Then the position, size, and oiientation of the key block were changed 
one at a time, and additional blocks weie mtioduced to increase the 
difficulty of disoumination It was assumed the babies had begun to 
abstract when they could readily lecogmze the disciimination object 
legal dlcss of its position, size, oi oiientation and despite seveial con- 
fusion objects Ling s method is known as the method of equivalent 
stimuli It has been widely used, paiticiilaily with animals A 
favoiite problem to which it has been addiessed is the deteimination 
of how obscuiG a quality can become beloie subjects fail m learning 
to lecognize it 


Matching- and Discordant-items Procedures 

The ability of older childien to discriminate leadily such small 
diffeiences in foim as aie necessaiy if they aie to learn to lead with- 
out too much difficulty has been tested by some of the so-called 
reading-readiness tests, which usually employ eithei the matching- or 
discoidant-itera piocedures mentioned earliei The child is tested 
foi his ability to perceive both likeness and diffeience He is shown 
a letter and then told to cioss out with a pencil the letter, in a senes 
of two or more, like the one he has been showm Or m a senes of 
letters alike, with one exception, the child is asked to cross out the 
letter that is not like the others It should be mentioned m passing 
that the typical reading-readiness test attempts to measuie many 
kinds of readiness othei than that in perceptual skill — leadiness m 
general experience, language, and ability to think in abstract terms* 


Preference Method 


The method of expressed preference, referred to at the beginning 
of this section, was employed by Daniels [ 18 ] to discovei whether 
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preaclioolers tend to have the ability to iieieenc djfteiciiecs in such 
esthetic qualities as balance Since hei young subjects would not 
have understood the directions had they been icqucsted to indicate 
which of the presented compositions was the moic balanced, Daniels 
asked the children to choose the one in each jiair of block structures 
whicli they thought was the nicest The youngsters weie also told to 
build a structmc like any one of the two exposed Piefoienccs tluis 
expressed in a numbei of pairs of constructions, the two units of which 
diffeicd in degree of balance but were alike in the number and coloi 
of the blocks composing them as well as in background, probably 
would disclose the subjects’ sensitivity to balance Any two com- 
positions must, of couise, have diffeied in nays othei than in balance, 
such as m apparent size Unless some constant eiiors wcie intio- 
duced, Jiowever, these differences need not vitiate the findings It 
should be added here that the chilchcn did seem to picfei and did tend 
to copy moie ficquentty the more balanced stiuctuics 


Method of Imitating or Reproducing 

The method of reproducing is less satisfactoiy than the piocoduics 
for testing perceptual proficiency thus fm explained, because subjects 
may fail more as a result of then lack of nbihtj in mainpulatn e skill 
than of ability in perceiving Becauao one cannot iiaint as did 
Leonardo da Vinci does not pi ove he cannot discriminate between Ins 
own paintings and da Vinci’s ChikUen’s drawings have, accoidmgly, 
been of mteiest more for what they levoal of ability m drawing itself 
than for what they indicate concerning the children’s poiccptions 

A form of imitating in which the raotoi adjustments were kept 
sufficiently simple for the subjects studied, so that the peicoptual 
components of the activity chiefly were detei mining of success, ig 
represented m Williams’ study [74] of the ability of preschool children 
to mutate a sound rhythm Williams took motion pictuieg of his 
subjects as they tried to clap in time to music These movies, taken 
with a wide angle lens, included not only the children but also a 
metronome oscillating befoio a white cardboaid scale, and the pianist 
who was furnishing the music at the tempo dictated by the metionorao. 
By studying the frames of the film, it could be determined whether 
the children clapped, i e , their hands touched, at exactly the moment 
the metronome pointer or tho pianist's posture indicated the boat was 
sounded. 
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Abstracting and Generalizing — Matching Procedure 


It might be mentioned at this point that the use of a matching 
piomiuio to thiow Jjghfc on ability to abstiacfc is somewhat different 
fioin its use to determine the ability of subjects meiely to perceive 
a simple difference In the studies of concepts the objects or struc- 
tiucs to be matchedt instead of being alike in all respects but one, 
may be alike only in one This quality has to be abstracted out of 
the complex and responded to if the subject is to be successful 
Iloiowitz [37], for example, showed white and Negio children cards 
containing at least two pictuies — that of a Negro child of the aex of 
the subject and that of a white child of the same sex — and asked the 
subject, ^‘Which is you?” In some instances pictures of non-human 
objects, such as a chicken or lion, were added to the senes presented 
to deteimiue whethei the cluldien weie assigning themselves to the 
class of persons 

If subjects consistently identify themselves with the pictut’es of 
clnldien of then own color, it can be assumed they have themselves 
coiiectly classified, at least as to pigment and species They have 
the beginning of a concept of race 

Iloiowitz^s study illustrates the type of investigation in which a test 
18 made of a concept aheady learned More frequent are inquiries 
like Ling's, dcsciibed pieviously, in which the subject is motivated 
to leain to detect a given quality in whatever stimulus complex it 
occuis 


Method of Interviewing 

The method of interviewing has been used to discover the content 
of many difterent soils of child concepts number, time, cause, God, 
death, life, thought, etc Piaget [68] has employed it with excellent 
effect The following protocol will illustrate how he proceeded in 
hiB effort to discover the details of certain moral concepts held by 
his subjects 

A Utile boy sees that hts fathe/a tn^ pot %s empty He iahea the \nh 
bottle, blit he la cluniay aiid 'makea a big blot — And the other one?— TAers 
a boy ^oho xoas alvxiya touching things He takes the tnk and makes a 
httlc blot — ^Are they both equally naughty or not? — No — ^Whioh is the most 
naughty? — The one who made the big blot — ^Why? — Because it V)as big — 
Why did he make a big blot? — To he helpful — ^Ajid why did the other one 
make a little blot? — Because he was always touching things He made a 
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little blot — Then which of thorn is the naughtiest ? — The one who made a 
biff blot 


MOTOR SKILLS 


Problems 

So-called motor skills are meiely those in which the muscular 
aspects of the adjustments aie conspicuous Like all adjustments 
they involve the total oiganisra 

Theie aie scveial classes of pioblems m the field upon which much 
attention has been centeied (1) lapid and accuiate measurement of 
individual diffeiences m motoi adjustment and skill, (2) discovering 
why the diffeiences in skill exist between individuals or in the same 
individual fioin time to time, (3) discovenng the natiue of the abili- 
ties that entci into so-called motoi skills, and (4) methods foi teaching 
01 collecting oi alteiing motoi patterns ol lespoiise, eg, teaching 
wilting 01 coirecting btuttciing 


Types of Measures 

Some measures of motor skill that have been ficquently used are 
(1) the time consumed foi a unit of woik, (2) the output in a unit of 
time, (31 assessments of the quality of the pioducts, such as hand 
writing, icsultmg liom motoi activities, and (4) a count of the num- 
bei of motor accomplishments, from among a representative list, which 
the individual possesses Development in motoi skill may be plotted 
roughly in terms of any one of these four criteiia Although the fiist 
measuic is piobably moie disci iminatmg than is the second, especially 
when the task is not of uniform difficulty thioughout, the second is 
used moie fiequently because it is usually less cumbeisome 


A Method of Measuring Hand Preference 

The second measure was piobably employed quite safely by 
Valentine and Wagnei [71] in their study designed to thiow light on 
the question of the nativenesa of liand piefcrcnccs These investi- 
gatois tied to each hand of newborn infants a light string which was 
then drawn ovei a pulley-counter ariangemcnt Any movement of 
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the baby's arm activated the pulley wheel, which was connected so 
us tu cause the countci to icgistci The final leading on the countei, 
then, indicated the total number ol gioss movements made in a knov\n 
Intel val by the child's aim Since similar assessments weie made 
for each aim, it was possible to tell which membei was the moie active 
Valentine and Wagnei kept the babies under obseivation for the fiist 
10 days of then lives 

Foi older childien who have consideiable manual skill and can be 
expected to follow diiections, a parallel technique usgd by Goodenough 
and Tinker [31] gives a faiily satistactoiy indication of the relative 
skill of the two hands, because usually the hand which is the more 
efficient in one difficult task peifoims the more ably in otheis 
Goodenough had the childien tap as fast as they could on key 1 on an 
adding machine The machine thus automatically gave a count of 
the numbei of taps made in the 10-scconc] time-unit cliosen 


Time Sampling Procedures 

The so-called tunc sampling pioceduie, populaiized m child psy- 
chology by Thomas [67], may be cited as a special case of the con- 
stant-time, vanablc-output type of measuie we have been discussing 
This method has commonly been lesoited to when individual motor 
charactciistics, as well as sooial-eraotional ones, are to be appraised 
The gcneial plan of the method can be illustiated for activeness as 
follows If one wants to know whethei a ceitain child is very active, 
he looks in on the subject at randomly distubuted times for a numboi 
of days, A peek is probably enough to determine if the child as vigor- 
ously employed If most frequently, when ob&eived, the child is 
indulging in sticnuous activity, he can be said to be an active peison 
Whethei he is more oi less stienuous than other childien can be deter- 
mined only if siimlai mcasuies were made of others 

The units of behavior assessed in the time sample method are as a 
lule those provided m short intervals of time — a few seconds, a minute, 
or 6 minutes The plan for desciibing the behavior in each time 
unit 1ms \aziod in foiin from study to study If the trait of activeness 
IS the expel imentor's iiiteiest, the descnption may be a rating, a 
licdomoter loading, a tally of happenings, oi a map of temtory 
covered 

Since any description of behavioi is necessarily an incomplete lepre- 
sentation of it and of the situation in which it oceuis, it is well to 
lomembei that gross distoition can pioceed from this source The 
obsci veins' biases and lack of acuity may also introduce much error 
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Methods of Estimating Observer Accuracy 


The accuracy of the obscivci is a concern of great moment in the 
short bohavioi -sample method The extent to which obscivei inade- 
quacies icndei defective the appiaisals made is usually estimated by 
having two independently woikiog observe! a make evaluations of the 
same phenomena After many bchavioi samples have been dosciibed 
independently m this ^\ay, the obseivcis compaie notes to dctciminc 
to what extent then iccoi dings agicc If tlicio aio disagi cements, 
the obaeiveia tiy to deteiminc why, to claiify the definitions that are 
guiding them, and to make decisions as to liow ccitam types of situa- 
tion should be lecoided Tiaming is generally continued in this 
fashion until almost peifect agi cement in leporting events is achieved 
It is well to determine peiiodically whether obscivers aie adheiing 
to the interpietatioiis and pioccduies agieed upon in then initial 
tiainmg period, for subtle changes in method tend to cieep in without 
the obseivei^ being awaie of them It should also be undeisto'od that 
obseiveis may agree and yet be wrong in then diagnosis of what 
occuned One way oi checking more caicfully on the obaeivois^ skill 
18 to take a motion pictuic, as Thomas did [ 68 ], of a sampling of the 
happenings the obseiveia aie attempting to desciibe 
In the inteiests of facilitating the according, it is well that as much 
of it as possible be done in code The children's initials, tor instancQ, 
can be used in place of their names, airows to indicate the diieotion 
of an action, lotteis foi vaiious types of lesponsc, etc 


Duration and Distribution of Samples 

The optimal duration and distiibution of the behavior samples vai*y, 
of course, with the tiait being studied and the puipose of the measuio- 
ment* Geneially speaking, the samples should have no gi eater dui'a- 
tion than is necesaaiy to make an accuiate evaluation of the items 
being lecoided oi to give the significant behaviois a reasonable oppor- 
tunity to occui The units should be distiibuted systematically over 
the situations the behavioi in which is of paiticular interest Most 
investigators have limited themselves to obseivation m quaiters wlieic 
many ohildien are assembled, such as the nursery school or the 
playground It has also been common piacfcico to observe subjects 
m aotivitios an which their own inclinations aie chiefly detormimng 
of what they do The evaluations of a child made under these cn- 
cumstances, it must be remombeicd, may not agree witli appraisals 
made under other ciioumstances A child's home and school behavior 
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may bo vciy clifTercnt, oi even his behavior in fiee and in diicctcd piny 
Tlie total numbei of samples necessaiy to poitiay accuiately the 
relative status oi individuals vanes ^ith the fineness of the disci imi- 
nations to be made and the vaiiableness of the tiait Generally 
speaking, many shoit samples widely but &vstematically distiibuted 
aio bcttei than fewci long ones It is well not to spiead the samples 
o^-ci too long a period of time, however, if the quality measuied is a 
changing one, because the final measure may then fail to lepiesent 
the child at any time 


Limitations and Uses of Time Sampling 

Most ineasuies based on accumulated shoit bohavioi samples have 
limitations that stem from the inability of the expeiimentei to control 
tlie general meaning of tlie situation for the subject A child may be 
less active than others at school because he is relatively new and is 
feeling Ins way, because sume classmate cows him, or bemuse the 
jnogiam boies him If a quality independent of motivation oi of 
certain specific motivations is the item of inteiest, the motivation 
variable should be eithei statistically oi expenmentally controlled 
The achievement of this control has seldom been demonstrated 

Despite its limitations the method ot time sampling has many uses 
[3, 9]. It lends itself leadily to the measurement of individual dif- 
ferences in social-emotional qualities shown in natural gioup settings 
[43] and to the evaluation of mateiials or activities If one wished 
to deteimine which pieces of play equipment aie the most popular 
with children of various ages, he might give attention to the various 
pieces foi a uniform numbei of appropriately distributed short intei- 
vals of time, noting how many childien weie playing with each piece 
By keeping the subjects constant during the observation and by count- 
ing the children who used each toy or bit of apparatus m the time 
samples, he could estimate the appeal of each Or, by noting the 
lelative frequency of occurrence of certain types of behavior, such as 
nervous habits, in various settings, it might be possible to throw light 
on factois that contribute to the behavxoi\ In this case settings must 
be sampled, and actors kept constant 


A Method of Describing Aspects of Walking 

In contrast to devices for measuring motor skills directly, such as 
those just discussed, aie the methods which give attention to the 
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quality of “inotor'^ pioclucts The pioceduic used by Shiilcy in 
studying the walking ol a young child is a good illiistiation o\ one 
yielding a detailed quantitative analysis of a motoi pioduct [h3] 
Shirley oiled the soles of hei infant buhjcctV feet woth olive od ninl 
then had the childien w^alk, eithei alone or suppoitcd if neceasavv, 
down a long strip of unglazed white wiappmg papci, which piomptly 
soaked up the oil as the child planted each foot To make the oil 



Fig. 4, Diagram showing the method of measuring footprints* ( From Shirley 
[63], by permission of the University of Minnesota Press,) 


2 total dlitarKo traversed 
4o rfghf right step length 
4b left left step length 
4c right left step length 
4d left right ilep length 

6b stepping angle 


So right right step width 
5b left left step width 
5c right left step width 
5ct loft right step width 
6o stondlng ongJe 


print cleaily visible, Shirley dusted the papci ^itli a powdci mixture 
of giaphite, ncaciR, and lampblack This black powdei adliciccl to 
fclie oil spots but could icadily be blushed olT the jest of the jmpei 
To preserve the pimts, the sheet was spiayed with a shellac apiay 
Shuley then measured the width, length, legulaiity, speed, and angle 
of the child’s step See Pig 4 

Wolff [76], who was inteiestcd in deteiminmg the points ol the 
foot which carry the greatest w’eiglit as the child walks, also used 
footprints She dusted the child’s foot evenly with chalk and then 
had him walk on a stiip of black papet It was leadily evident fioin 
the white prints at which points on the sole the chalk dust was thinned 
down most quickly 

Product Scale 

Another type of quality assessment of a inoie impicssionistio typo 
is made with the aid of product scales, such as tlioso fm handwiiting 
[73], diawjng [89], or block building [4] In this case a bit of the 
child’s handiw'ork is ooinpaied with the samples that constitute the 
scales The value of tho scale sample which the child’s ])i uduct most 
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nc'iuly reaoinblcB is the scoic the latter reccnea The method of 
boahng products is discussed in Chaptei f) 


Motor-development Scales 

A motor-development scale contiasts with a pioduct scale in that 
behavioi items, lathci than the products of behavioi, constitute the 
scale content A motoi -development scale does not diifer, in the 
bkoloton of its constiuction pattern, liom a gencial development or an 
intelligence scale The usual piohleiub of scaling and of subject and 
task sampling confiont the woikei uho demises a motui scale Since 
these are dealt with in Chaptei 17, we shall merely desenbe here one 
of the moie intoiesting motoi -development scales foi preschool chil- 
dicn, eg, that devised by Bavley [6], who, we might add, has also 
constuicted a geneial development scale By obseivmg about sixty 
babies at unifoiin shoit intcivals until they weie 3 years old and 
making nn invcntoiy of their motor accomplishments, Bayley discov- 
eiod achievements which viitually cveiy child attains at some time 
01 othci during Ins fiisL 3 yeais She computed the aveiage age of 
appeal mice of caeli such accomplishment among lici subjects and listed 
the skills in the order of their time of development The location of 
an item on the motor scale was expiessed also m terms of absolute 
scale units Below aie listed about the first fouith of the items in 
Bayley 's list 


Test Item 
Crawl] Dg movemonta 

Poatural adjuBtmonta when held to shoulder 

Lifts hoiid at ehouldor 

Lateral head movements 

Retains red ring 

Arm tluuBta m play 

IjOg tliruats m play 

Hoad opoct — veifcical 

Dorsal Husponaion — lifts head 

Hoad erect and steady 

Turns from si do to back 

Prono — elevates self by arms 

Sits with suppoit 

Hands prcdomnmnlly open 

Holds iiead steady 

Beginning tliumb opposition 

Sits with slight suppoit 

Turns from back to sido 

Partial thumb opposition 

Effort to Bit 


Absolute Scale 

Age PliACEMBNT, 

Vai^ub 

Months 

0 06 

0 2 

0 13 

0 5 

0 14 

0 6 

0 20 

0 0 

0 34 

0 7 

0 76 

1 7 

0 78 

1 8 

0 87 

1 9 

1 10 

2 6 

1 26 

2 9 

1 60 

8 4 

1 64 

8 6 

1 65 

3 5 

1 62 

3 6 

1 04 

3 0 

1 88 

4 1 

2 14 

4 6 

2 84 

6 0 

2 42 

B 1 

2 64 

6 4 
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To determine a paitioulnr child's motor-development level by means 
of this scale, the expcnmcntci stimulates the child to peifoim the 
activities listed on the invontoiy, oi by inquiiy dctci mines vliich 
skills the youngstei has had in his icpcitoiic The cliihl’a scoic is 
meiely a count of the nuinbei of items passed This simple point 
score IS transmuted into a standaid scoio in oidci to desenbe the 
subject’s standing in his own age gioup How lopieseiitative of 
American, chiUhcn the subjects wcic on whom Bayley’s norms are 
based is a question 

As motor skills become rooie divei sifted, differentiated, and complex, 
general motor scales, such as Bayley’s, tend to become imsatisfactoiy. 
At later ages the so-called scales of motoi ability aie, as a rule, based 
on ability in spoits lunning, jumping, thiowing, giipping, aiming, 
and balancing [11, 17, 24] These abilities aio not pcifoctly coiie- 
lated with each other noi with such finei motor skills as playing the 
piano 01 typing Hence, one would need to generalize cautiously 
fi om Ins test i csults 


LANGUAGE AND SPEECH 
Recording Language 

If samples of the spoken language of an individual me to bo 
analyzed, a i ocord of some soi t gcnei ally has to be made Mechanical 
lecordmg is often dosiiablc because it jirovides a moio faithful lepro- 
duction of what is said than the human recoider can piovide It 
must always be icinembeiod, however, that the record is not the 
analysis, it is inciely the fiozen jnoduct 
There are seveial common types of sound recoid, eg, the phono- 
graphic, wire, and film In each type mentioned, the sound waves 
which stake the diaphragm of the iniciojihone alter the cuiiont 
through an electioniagnet which, in turn, convcits the vaiiations in 
cui'ient into some sort of lecoid In tho wne lecorder the counteipait 
of tho soundwaves is the degiec of magnetization of the wire which 
passes slowly between the poles of the electromagnet as the iccoid is 
made The sound counterpart on the film, tho "sound track,” is the 
degi'ce of daikncss of a lino, whereas in the phonograph it is the hill- 
and-dalc pattern etched on a wax or plastic disk 
To tho extent that physical forces, biich as inertia, raomontum, or 
friction, governing tho lecording mechanisms interfere with the pro- 
duction of a iQCoid pattern which has a one-to-one relationship with 
the pattern of sound waves, which strike tho miorophone, or to the 
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extent that the repioducing mechanisms similaily distort as the lecord 
IS being leconvcited into sounds to that extent the reproduction lacks 
fidelity Many is the poison who, having had his voice lecorded, 
has not be able to lecognize it when it was played back to him This 
may be due in pait to the fact that the overtones, which give a voice 
its unique timbei, were not stiong enough to influence the recording 
because of inadequate amplification 

All the lecoiding sy sterna described distort sound to some extent, 
but foi the pui poses foi which most records aie taken, namely, for 
inquiiy into the content and stiuctuie of the language spoken, the lack 
of fidelity IS inconsequential It would be nioie seiious in a study 
like that of Jones and Moses [40], who were inteiested m relating 
certain peisonality tiaits to such speech chaiacteiistics ns general 
pitch level and intensity of voice, tempo of speaking, nasal resonance, 
ihythm, melody, and monotony of speech, piecision of enunciation, 
major oi minoi key chaiacter of voice, fiequency of rising inflection, 
licquency and extent ot emphasis, and duiation and charactei ot 
pauses Williams [74], on the other hand, who investigated the 
ability of picachoolers to sing on pitch, found lathei poor phono- 
giaphic iccoi dings adequate, since the item of concern to him was the 
fundamental tone Williams made lecoids of his subjects’ singing of 
short songs He then played these lecords over and ovei until he 
was satisfied he had identified accurately the tones out of the total 
sung that weie on pitch 

If one were interested merely in the content of a subject’s veibal 
products, long- oi shoithand lecordmga might be quite adequate The 
likely inaccuracy of what is lepoited, if the veibal mateiial is pouied 
out with any speed, sliould, nevertheless, be appreciated Betts [8] 
made a phonographic recoid of the lecitations of some grade-school 
childien, These same recitatfona were recorded by peisous using 
longhand, persons witli average speed in shorthand, couit reporters 
using shorthand, and phoneticians The peicentage of acciuacy, when 
the electiically derived record was used as the ciitenon, was 80 4 for 
the court reporters, 63 3 foi those mth average skill in shorthand, 32 
for those using longhand, and 14 9 for the phoneticians In the 
various recoida 14 to 84 per cent of the woids weie omitted, 8 to 11 
per cent had substitutes supplied, and 4 to 6 6 pei cent of new woids 
were added 

Befoie we leave this topic of recoiding, it should be said that a wire 
or film record is moie satisfactoiy than a phonogiaphic lecord for 
most purposes, if a repioduction of any length is desired The cost 
and the amount of mochanioal manipulation necessary are less On 
one spool of wjre may be recorded several hours of conversation, 
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The spools luo also ensiei to stoic than aio phonoguipluc lecouls, they 
cannot be sciatchoci, and, when the iccoid is no longer wanted, tlic 
wiie can be demagnetized and used ()^ol again The wne iccou^et has 
the additional advantage of being i caddy eonccfthible inside some 
iuticlc in the loom, such as a l«nii) If the subject does not know that 
a record is being made, he is much less likely to be inhibited and self- 
conscioiis Ilcncc the ease with which the rccoidei can be concealed 
18 a consideration of some impoitance 


Motivation 

Aiiothci routine problem in the investigation of language, like that 
of lecordmg, is the eheitatlon fiom the subject of the resiionsos desiied 
Preschoolers often ha\c to bo made to foigct themselves bofoic they 
will talk Foi this reason many invcstigntois have seen fit to ncqiuic 
such language samples as they needed when the chiklicn woic m a 
play situntiou and did not know they wcie being observed [39] If, 
howcvci, one wants to know wlielhei a child can jiiimounoc a d when 
it IS buried m the middle of a void, it may be vciy costly of tunc and 
oneigy to sit mound and wait until a wmd of tlic piopci kind is foitli- 
commg In the study by Wellman, Case, Mengei t, and Brudlnuy [72] 
on the speech accuiacy of preschoolers, tlic cliildien woic oni'ouraged 
to talk by being shown pictuics about which they wcio questioned 
The lesponsos cxiiectcd contained tlic voids whicii would icvoal the 
phonetio skills inidei investigation It shoukl be mentioned that it 
13 casioi to get a preschool child to point than to talk, and to name 
an object m a pictuic than inoicly to icjioat woids after the cxpcii- 
mentei Questioning childien m any way that makes them conscious 
of themselves as pciJormcrs is ahnost certain to begot icsistmioo 


Problems of Task Sampling 

If measures aio wanted by vlncli individuals or groups can be com- 
pared, the evtcnb ot the language sample obtained fiom each subject 
IS usually hold constant, allhough for ceitam purposes a confifc'uit task 
or the language output m n unit of tune that h the same for each 
subject is preferable Indn-icliial differences m language stiuctuic or 
111 knowledge are better revealed by the first technique [62], but if 
confidence, loquaciousness, and intoiest aie the conocin, the tunc or 
task unit is the more dosiiablo A spoken or wutten composition on 
a specified topic, m that it icpiosents tho task individuals sot for 
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thei^isol'^ es T\hcn gnen a genet al assignment, is likely to be heavily 
influenced by the subjects’ veibal fluency, knowledge ot the topic, and 
enthusiasm, all of winch aio nnpoitant detej mmants of the ability 
to eonuniinicatc eftectivcly If a time contiol is mtioduccd, a furthei 
vauablc may coloi the icsults, namely, the subjects’ skill m writing 
01 m the motor aspects of speech With young chiklicn this may be 
a vanable of some weight A similai cunsideiation it is well to keep in 
mind when intcipieting the results fiom timed achievement and intel- 
ligence tests Oulinaiily, howovoi, m intelligence testa an effoit ib 
made to keep the motoi icspuiiBC called lor veiy simple, like crossing 
out 01 undci lining 


Word Lists 

Othci task sampling pioblems taco the investigator, even when he 
attempts the consbi action ol so simple an instrument as a vocabulary 
test What vocabulary is the test intended to sample tlie -^oids in 
the 0\foic! Dictionmy, the vocabulaiy employed by a ceitnin cul- 
tural gioup, tlio \oibiagc used m speaking, leading, oi writing? Shall 
only the \M)ids in cominoii use be included? If so, \\hat aie these 
words? Alany woikcis have been greatly aided m dealing with this 
sampling ))ioblcm by the ^^old lists of vanoua suits that are available 
These dcsciibc not only the vocabulaiy cm rent undci certain condi- 
tions or in ccitain gi’oups but provide data on the lelative fiequency 
with which tho vaiious woids are used Thoindike and Loige [70] 
have given us oui most imposing list These investigators have detei- 
mined the incidence of the woids that occuned among 18,000,000 
taken fiom 285 somewhat aibitiauly selected souices, ranging from 
newspapeis to the English classics In fact, seveial types of fre- 
quency data aie offeied concerning the 30,000 wouls in the inventory 
Of {special value to those inteiested in young cluldien is the word list 
based on 120 books for juveniles This inventory defines the vocabu- 
laiy cluldien aro expected to have If, on the othei hand, one wishes 
to know about the vocabulaiy pieschoolcis use m speaking, a list 
picpaied by Hoin is probably moie pcitmeiit [36] 

In addition to seiving as the basis foi the selection of woids to be 
included in -vocabulaiy tests, tho woid lists have been of great assist- 
ance in helping the authors of stones and textbooks for children keep 
the vocabulaiy they employ wnthin the likely range of their leaders’ 
voibnl comprchcnbion Still another use of the list may be made by 
tho author of a set of readers foi the piimary grades Childien 
should leain to lead fiist the commonest words in the language, and 
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tho authoi uan dibcovor what thcac cominoneat Woida aie by refeinng 
to the aiipiopnate woid list. 


Structure Analysis 

Language jiiociucts may be analyzed from tlie point of view of their 
stiucturo 01 content They may also be studied for many puijioscs 
These range fiom getting knowledge about the language itself or 
about the meaning ccitam i\oids have foi specific individuals to the 
diagnosis of what may seem to be latlioi i emote jieiaoiiality ti aits 
Stiuctuial chaiactciisties are numerous, those details of veibal output 
of pieseliool cluldicn which have leceived most attention being accu- 
lacy of pionunciation and of syntactical foims employed, sentence 
length and complexity, and fiequcncy of use of pluials, various tenses, 
and paits of speech McCaithy [60], Smith [66], and Davia [19], 
who have given us three of om- more elaborate studies of the language 
of pieschuol children, were interested m the question of the features 
of language which vary with ago In McCaithy’s investigation a 
sample of fifty consecutive leinaiks was obtained iii a somewhat 
standardized setting from each subject in groups selected to be repie- 
scntativo of each half-year level from 18 to 64 months These fifty- 
leinaik samples woie desoiibed in the following teiins complctcuess 
of sentence, c\toiit of comprehensibility ol the woids spoken, niimbci 
of words, number of different wouls, nveiago sentence length, pio- 
poition of simple, compound, complex, oi elaboiated seutonces, and 
percentage of total words, as well as of total numbei of diffoicnt words, 
repiesentod by each pnit of speech 

By dctenmniug the items which vary with age, McCarthy has given 
us some idea of typical developmental changes Positively ooi related 
with age woio such indexes as tho total and tho uumbei of diffcient 
words used, the comprehensibility of tlio cliild's speech, the sentence 
length, the piopoition of sentences with clauses, and the propoition of 
qualifying words, such as adjectives and adverbs What McCaithy’s 
method tells us, then, is that as pieschoolers mature, then thinking 
becomes moio complex — they use moie symbols, more complex com- 
binations of symbols, symbolize more abstract qualities and lelations, 
and do then thinking loss in tciins of the present ^ 

In older children subtler structural details, such as tho relative 
fiequency of clauses of different types [10], may be more diagnostic 
of incieases m thought complexity than tho indexes McCarthy used 
For the differentiation of personality qualities other than maturity 
and intelligence, still other structural features may need to be fooubsecl 
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upon The ratio of action veibs to adjectives in a subject’s speech 
offcis some promise as an indicatoi of degiee of extioversion oi action 
interest 


Content Analysis 

Language-content studies have been of many types The following 
are a few of the content chaiacteiistics into which theie has been 
some inquiry the uses made of language, the affective tone of the 
content, the types of question asked, the time refeience of the mate- 
rial, the number of vague teims, qualified statements, self-iofciences, 
•and negatives, the amount of hostile feeling expressed, and the inci- 
dence of specific themes, such as dependence, illness, and achievement 
In the study mentioned above, McCaithy, by u'sing an adaptation of 
a method developed by Piaget [67], probed the natiue of the shifts 
that occur with age in the uses children make of language She classi- 
fied the lemaiks her piesehool subjects made as follows questions, 
nnsweia, commands, requests, criticisms, simple infoi niation lelatfve 
to the present, mfoimation about something not piescnt, comments 
to tlie self, and comments peilmps stimulated by the piesence of otheis 
but seemingly sent foith without much expectation of a response 
The peicentage of egocentric oi self-directed remaika and the time 
leference of the comments tended to corielate with age, but several 
of the categories seemed more closely i elated to peisonahty qualities 
other than matunty The proportion of commands and lequests in 
the total remarks is a case in point 

The thematic apperception, free-assooiation, and a number of other 
projective tests represent language-content analyses directed toward 
the discovery of the subject’s values, manner of mental functioning, 
and social-emotional attitudes These tests have been used more 
with older childien who have considerable Jinguiatic skill See 
Chapter 18 


SOCIAL-EMOTIONAL BEHAVIOR 


Section Limits 

Ratings, time sampling procedures, projective techniques, tests, 
inventories, autobiogiaphies, guess- who methods, questionnaires, intei- 
views, case studies, and vaiious sociometno techniques, all of which 
have been used in the study of the social-emotional behavior of chil- 
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thetij hiiA'c received o\tcnbive e\])()siti()n in vaiions boetumH of this 
book The picsent boction, hence, will concein itnelf eliicfly ivitli 
illuBtiating a few techniqiicB which have had then iii'imaty iitse in the 
btudy of young chilclicn 


Projective Methods 

Piojective methods have long been in informal use with young 
childicn because these subjects, lacking in veilntl skill and undei- 
standmg, have to be undcistood, m the mam, in teiius of their bchavioi 
and products Foituiiately not yet tutined in the concenhnent of 
feelings, values, and disappiovcd attitudcb, young childion leveal 
lathci lendily by then behavior the innjoi coloi of then Icelings 
That toward which the feeling !■’ diioctcd and from which it btems has 
not always been equally obvious It may take the whole houbchold 
to decide why an infant is ciying In tact, the gi eater the gaji in 
age and experience between the child subject and the invosbigator, the 
loss successful the Jattei tends to bo m iiifeiiiiig the louson for tlio 
cliild’s feelings 

Projective methods, which aim to ictlcct hotli the feeling and its 
object, have been conccined with various clmractci istios of the struc- 
ture and content of the ‘-ubject's behavior and pioducts With oldei 
subjects veibal inateimls — intcijnctations given mk-blots, stones told 
in mteipictatum of a standaid series of pictuios, completions of stones, 
completions of statements expressive of values [01], fice-associatioii 
responses to homonyms [30]— have been the moio ficqucntly studied 
With young childien attention has been dnected, as imglit be sin- 
mised, more to play behavior, products created, and choices cxpicssed 

Amen and Doikey [2] in thou adaptation of the Thematic Appci- 
ception Test, provide an example of an impoitant method Then 
subjects w'eic shown a senes of pictuies, each one of which lent itself 
leadily to a variety of interpretations in teims of adult-child oi child- 
child relations which a young individual might have cxpenenccd 
See Fig 5 The central figiiie in each pictuie was without a lace 
It was the subject’s thsk to decide whether a happy or a sad face, 
between which ho had to choose, would be the more appiopriato for 
the child in the picture The frequency with which the unhappy face 
w'as chosen, it was levcalcd, tended to bo i elated to tlie dcgiee of 
anxiety the child showed in his daily behavior at miiaery school 

The Alschulci and Hattwick study of such orcations of niirscry- 
school children as paintings, drawings, modelings, block stiucturcs, 
and dianiatic play themes is one of the most extensive investigations 
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(if the (hajjnostic viiluc uf child piodiicts [1] Believing that chil- 
clicn’s choices of activity ate of as much significance as the chaiactei 
of then labiications, AlbchuJei and Hattnick made no eft'oit to stand- 
auhzo the conditions iiiidoi nhich then subjects’ cieationb weie 
obtained Foi a school ycai the creationb of 150 childicn in eight 
dilTtieiit nuiseiy bcliuuls, solving both uppci and lowei class groups, 



Fig. 5 Sample test Itemi "Neglect " (Coorlesy of E. W Amen 
See reference (2l ) 


weio collected and pieserved for analysis Those products, like block 
structmes, ivhich could not be pieseivccl were pliotogi aphed or 
sketched Detailed iccoids weie made of the geneial conduct of the 
childicn both at home and at school, as well as of then piefeiences 
in inateiials and thou behavioi when using each medium Case 
studies and group conipaiisons suggest, as significant for the diagnosis 
of ceitftin personality qualities and attitudes, the choice of medium 
foi creative expression, the child'^B bohavioi while constiucting his 
pioduot, and ccitam patteins of structuie unique foi the individual, 
as well as certain charactciistics of moie general occuiicnce 

The paintings, for instance, were analyzed foi color, monotone oi 
niulticoloied chaiacter, neatness, extent of overlaying of colois, amount 
of page covQied, lelativo size, angularity and rhythm of stioke, 
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pi'L’i>0]icc 01 absence of ceitain fentui'os IndivicKml foi tlio ebild, and 
relative size ol the vaiious jinits of the objects lepicsented 
The authois conclude, among othci things, that chikhcn who empha- 
size coloi have stiong emotional orientation, lOcl being associated 
with the stiongcst feeling, and prcleienco by a piesehoolei for blue 
being a sign ol eaily socialization Tlic use of only a small part of 
tho page for the painting suggests inliibitodncas, loundiioss of compo- 
sition, subinissivcncbB, veiticahty, icsistancc, extensive overlay, 
repiession, unusual lack of neatness, stioss and oonfusion 


Play Interview 

Tlie play interview is still anotJiei technique centoiing around the 
play of children which is useful for unmasking the youngstcis’ feelings 
and attitudes The jilay intcivicw often, although not necessaiily, is 
earned out when the child is playing with dolls Tho investigator 
may question the child concoimng the dolls’ motives oi feelings when 
ho 01 the child causes them to bcliavc in vaiious ways It is believed 
that, fcinco tho conversation is about tlie dolls’ activities, tho child 
will not foci self-conscious oi spied upon, while at the same time he 
levoals his feelings conecimng the pcisons, including himself, whom 
the dolh symbolize to him Fito [25], for instance, aimed to discovci 
how cm tain preschool children felt about lighting, c g , then conflicts 
ovei then parents' piohibitiona of physical nssanlt and their urge to 
defend themselves by attack oi to get what they wanted at any cost 
Levy [47] has both asked questions about the dolls’ bohavioi and 
mteipictcd it Inteipietationa weie given when it was thought the 
child needed and was ready to leccive insight into hia own and othois’ 
motivations, or when niismteipxetations of adult practices and atti- 
tudes needed clarification 


Play Analysis 

It can be seen fiom the comments on Levy’s procedure that in this 
foim of play thoiapy diagnosis tends to bo formulated ns tho play 
proceeds, tho interview being one of the chief diagnostic tools Some 
theiapists, however, object to any dictation of tho play by the woikor 
fls well ns direct questioning, believing these may bung about the 
sclf-exposui e of tho child moie rapidly than he is ready to boar or 
that they may cover rather thon disclose the child’s attitudes. These 
workers, accordingly, base their diagnoses chiefly on tho following 



the subjeet’a spontaneous verbal and behavioial expiessions m his play 
iclativo to his own and other people’s feelings, the sequence of play 
events, especially those leading up to emotional displays, such as the 
beating up of the fathei doll oi the ciushing of a baby doll, the 
con elation of icpoited happenings outside the theiapy session with 
ivliat ocelli s in the session, the characteiistics, especially in i elation 
to the themes of Ins play, of the stiuctuie and mariner of the child’s 
speech as n ell as of the structure of other products 
Theic arc seveial factoia which should weigh against an unques- 
tioned acceptance of the diagnosis made Many intcipretations which 
arc made "on the spot" in a veiy lapidly moving diama aie highly 
subjective There is some likelihood of the exaramei’s determining 
the child’s associations lather than tapping them, paiticularly if there 
IS diicot questioning and if mteipretations aie given at the time Also 
thcic IS often a lack of any precise normative fiamework for describ- 
ing the feelings and attitudes revealed That a theiapist's theories 
conccinmg the dynamics of motivation may be stiongly deteimining 
of tho mtcipictations he emphasizes appeals likely by vutue of the 
fact that the case matenal leported by a theinpist belonging to a 
pniticulai school usually tends leadiiy to identify his alBliations 
It IS mipoitant to appreciate the difficulty of the clinician’s task, 
foi wlieieas tho c\peiimentahst is tidying to demonstiate principles 
and general relations, the clinician is trying to account for the unique 
pattern of tho individual’s value stiuctuie and reaction tendencies 
Because no two persons are alike and because judging accuiately the 
weight of piessmes that are infinite in numbei is a task only tlie 
omniscient could peiform, even the good clinician does well to sketch 
with some acoiwacy only a lew of the inajoi features and molding 
foices of the personality He pioceeds veiy tentatively, too, with his 
intcipretations until ho has a laige body of suppoiting evidence 


Tests 

Objective tests differ from the piojective methods described thus 
far in that the behavioi occuiiing ra the standaidized situations is 
accepted for its face value Since it is difficult to contiol the meaning 
of tho test situation for each child, even though tho piocedure is 
standardized, and what is being measured in social-eraotional behavior 
18 closely tied up with these meanings, personality tests, othei than 
tho pencil-and-paper type, have not been veiy popular Adequate 
sampling of situations which would reveal how the child tends to act, 
not how he says he reacts, is difficult to achieve In fact, it is doubt- 
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ful whethei, c'ven m the sense m which is it accomj)lishc(l in intelh- 
gencotobte, adequate task sumphnK in tcbts ul gcncial sociiil-emotional 
1ms ovm been ap])ioaohed 

Two studies, thobc of IlaiUhoine and May [34] and of Miuphy 
[63], icpresout about the peak of auibitiousness m buniphiig Mujphy 
tiicd to test tho sympathy ot young cliddien Bhc luuiied eighteen 
aituationa ^Yhlch she thought would expose the xeadmcbs with winch 
the child cxpiessos conccin foi oi picvents the diseoinfoit ol othcis 
The childien in one test, loi instance, wcic led singly to quaitem 
wheic a baby was confined m a jilavpcn with his playthings Iving out 
of reach outside the pen It was noted whcthci the young subjecth 
iesponded spontaneously to hcli> tho baby 02 whetlici, oven aftoi an 
inteipietation was given of the infantas needs and feelings, any help 
was offered In anothei test the clnld was shown a live mouse and 
was asked whethei it should be given to a guinea pig to cat In this 
case one might wondei whethei foai 01 sympathy was responyible foi 
what would be the soeially appinved bchavioi 

The susceptibility ot tlie child to sympathy was dcsenbod by 
Mui])by in a number of othei ways than in toima of his 1 espouse to 
stanchudizcd tests, Appraisals woic made 111 the foim of ieacliers’ 
lafcings and of counts of the nmtances of syinpathotio helm vioi noted 
in 160 houis of obbuivation of the child m the luusery scliool These 
two measuiea showed considciable agreement, but the icsults of the 
standardized tests did not conelate stukmgly with eithci 


Time Sampling 

It 18 m tho area of social-emotional chaiacteiistics oi young chil- 
dren that tlic time eamplmg methods have been most successful Like 
the objective teat, these methods peimit study of the chikl in action 
Thev differ fiom the test in that the environment m wiiieli the 
subject IS viewed is not in any stiict scn^c "^tandaidized, hence they 
yield no norms useful beyond the situation in which the obscrvatioiih 
took place 

Gieon [32], who was interested in tho relative pugimeiousneBs of the 
nieinbeis of n nuzsory -school gioup, tallied liei subjects’ quuncls jn 
tho tune samiffcs to which she gave attention She also ci)inpute<l the 
ratio of tho samples in which quaii oiling occurred between each two 
classmates to the total opportunities each pair had for quarvolliiig 
Caille [12] counted the refusals of her subjects to coopoiatc, Robinson 
and Conrad [60] counted the samples in which the child was ycen 
talking to another, while Paitcn [65] rated the degree of social pai- 
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ticipation implied by the beliavioi she noted Reliable measures that 
aic uenuately desciiptive of much ot the child's social behavior in the 
cnviinnmcnt m winch he is stiuhed aie obtainable by the time sampling 
metluxl if the pinccdiue is piusiicd thoioughly The motivation of 
the behavioi, unfortunately, ib not neccssaiily indicated 


Ratings 

Ratings of one sort or other are an integral part of several of the 
methods alicady desciibed in this section Although no exposition 
will be given hcio of lating technique and evaluation, it is felt that the 
loadoi should be tamihar with such systems of latmgs as those of 
Comad [16], Richaids and Powell [59], Beiiie [7], and Champney 
[MJ An effoit was made in the fiist thiee studies to set up a 
soues of scales which would be desciiptne of eveiy social-emotional 
tiait of any significance foi pieschool childien, wheieas Champney 
attempted to cover the attitudes and piacticcs of paicnts thought to 
luivc an iinpoitant bearing on the social development of cluklicn The 
fact that Richaids and Powell, nftci cxpcnmenting with descuptive 
hystoms of vaiymg dcgiecs of elaborateness, ended with 30 tiaits, 
while Conrad was not content with less than 133, indicates the aibi- 
tiary, piagmatic basis for the selection of tiaits to be evaluated 

Rchnement of description, achieved by mci easing both the number 
of tiaits dealt with and the munbei of degiees of magnitude disciirai- 
nated in each trait, can go on almost indefinitely Scales with five 
01 fewer stops are, even so, moie common than 'those with moie One 
pioblcm, then, that becomes conspicuous, ui addition to that of the 
limits of luimaii discriminative poweis, is bow paisimoniously tlie 
ratcis can chaiactciize the bchavioi complexes they think important 
Richaids and Powell, by a factor analysis of the inteicoiielations 
between then zatinga made on a sizable gioup ol nursery-age cliildren, 
found that most of the tiait variance was due to three factors After 
factoring, the mveetigatoi has the following questions to decide (1) 
AVlmt 2 S the nature of tho common faetois? (2) How can each of the 
factors best be measured in tho individual? and (3) What is the mag- 
nitude of the uniqueness in each of the tiaits latod? By uniqueness 
IS meant that which tlic trait involves winch is not common to any of 
tho other tiaits If this uniqueness is of enough interest, it justifies 
tho letention of the trait in the batteiy 

It must bo made clear that the most paisiinonious method of poi- 
traying social character may not foi all purposes be the most useful 
It should also be understood that tactoimg a table of mtei-rating 
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coiiolafcionB may be helpful in uthci ways than thiough the eimiilifica- 
tion of the stiuctuio of the lating system it suggests, it may put the 
expcnmcntoi on the tiail of basic causal foicca Baldwin’s [5] factoi 
analysis of latmgs of parent attitudes and home atmosphoics disclosed 
tin CO majoi dimensions, tentatively diagnosed as dcinoeraticness, 
acceptance of the child, and indulgence In teims of othei things 
known of motivation, these dimensions make sense 


Soefometne Techniques 

Although the techniques mentioned thus fni in tins section are 
focussed on individual diagnosis, socioinctiio methods are tiained on 
group diagnosis, i o , on the feelings of tho members of a group townid 
each othei Because the woik of Moieno [52], who was a pioncei 
with socjoinetnc technuiucs, has been leportcd ih Chaptcis 13 and 22, 
tho discussion hero will bo limited to the paiied-compaiison piocedure 
employed by Koch [42, 44, 45] Tins invcfatigator btucliocl the elass- 
inato piefoienccs of nursery- and schoobage children liy having eveiy 
child in the class express his picfcionco foi one of a pair of classmates 
m every possible pan tho class roster piovidcd Each child, then, in 
a class of 40 would expieas 740 preferences — 780 minus the 40 pans 
in which the judge himsolf was included* Younger chilclicn needed to 
be intei viewed to obtain preferences, but children in the sixth giado 
and above at least arc capable of giving theii judgments by undci lining 
the name of the fuvoied classmate m each pair offered m a inimeo- 
graphed or punted list Koch piesentcd the pans of names m nn oidei 
determined by a proceduie for randomizing It was Koch’s hope tu 
avoid position and gioupmg enois of various soits In the mu scry 
school, each classmate pan was piesentcd for judgment twice, tlio order 
of tho names in tho second preaentatiun being the leverse of that in tho 
first A populanty scoie was computed foi each child by a piocediue 
consistent with the law of comparative judgment explained m Chapter 
6 Tho populanty scores can fumish a scale against which tho value 
placed by the gioup upon various human characteristics — sox, lacc, 
scholaiship, pigmentation chaiuctcnatics, social class, athletic skill, 
size, etc — can be estimated 

By noting tho pcicentago of tunes, m pairs composed of a boy and a 
girl of given race, tho child expresses a prof ei once foi the buy, ifc is 
possible to estimate the strength of tho subject’s preference for the 
masculine sox Tlie same general suit of compaiison foi pans in which 
children of the same sex but of different laccs aic involved can be 
used to disclose the social distance between the racial gioupa in a 
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classroom Koch^s metliod is piobably more effective foi portiaying 
gioui)3 ticncls in social distance than foi individual diagnosis, unless the 
gioup 18 laigo and the mcmbeis of the classes compaied numeious 
Although the method is laboiious, it supplies a great wealth of detail 
concerning classmate lolations It pcimits, among othei things^ the 
dctciimnatiop of the status of each child nith the various groups in 
his school class, the value oidei of each classmate foi every child, the 
extent of each pupil’s confoimity to his peeis in his likes and dislikes, 
tlio mutualness of liking and disliking among the membeis of the class, 
and the i elation of subgroup leadeis to each othei 


EPILOGUE 

The brief survey which the present chapter has furnished of the 
methods in child psychology should suggest the gieat vaiiety of pro** 
ceduial detail which is the contribution of the psychologists who have 
worked wuth child subjects to the methodology of the science of 
psychology, Child psychology has been no paiasite, it has given as 
well as received The chaptei should also have made clear the sinn- 
lanty m the basic methods employed by psychologists, whether they 
deal with childien or adults 
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Chapter 22 


Studying Social Behavior 

Theodore M, Mewcomb'^ 


The social psychologist, as scientist, sets himself the task of di 8 « 
coveiing the conditions iincloi which individual behavioi vanes m 
lesponse to social stimulation No mattei how complex the foim ot 
stimulation oi how many persons invch^ed, the social psychologist 
piocceds upon the basis of tluec assumptions fast, that individuals aie 
I’csponchng to simic foim of social influence, direct oi indiieet, fioni one 
01 more othci individuals, becond, that individuals’ behavioi s are not 
a mattei of capuec oi blieei chance, but coiicspond to ecu tain condi- 
tions and vnzy in oidcily manner with and thud, that these 

conditions may l)c discovered if obseivutions arc pioperly made and 
conclusions piopeily diawn Similai disoovciios may also be made 
by studying the behavior of gioups as wholes, but the social psycholo- 
gist leaves this field of inquny to sociologists, anthiopologists, jiolitical 
scientists, and othois He often finds it necessaiy, howevei, to boriow 
fi oin them 

Two obvious problems thus arise immediately The social psycholo- 
gist must devise means of obsciving lesponso to social stinmlation 
He must answer the question, ‘^What did the individual do?” in ways 
which can bo demonstiated to be accniate and not meiely impression- 
istic Secondly, he must have an equally dependable method of 
knowung what social stimulation was involved Since it is laicly 
feasible to considci all the possible social stimuli in a given situation, 
one of the best appi ouches to this second problem is to compaie 
icspunscs to two nr more situations known to diffci in one respect and 
to be alike in as many otliei lespeots as possilile, as m an expel iment 

There is also a third and less obvious pioblom Human bolmvioi, 
above the reflex level, is laioly ho simple as tu involve an mvanable 
losponso to a given stimulation Different individuals, or oven tlie 
same one on diffeient occasions, do not neccssaiily leapond alike to 
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conditions which aic objectively standaid Ccitain p'^>v''chological 
conditions, as well as conditions mheicnt in the objective situation, 
determine the individuars icsponsc to the situation In many cases 
tlie social itsvcholugist cannot discovei the oidcily conditions imdei- 
lying heluivioi without knowing boinething about these iisychological 
couditums, in accoidunce with which iiidnidual lesponsc is iclated to 
social stimulation As we shall see, thcbC piocessos, which have to do 
with the ‘'meaning" imposed u]ion the sihiahnn by tlic individual, aie 
oidmanly not directly obseuablc, they must thercfoio bo mfeiicd, 
but always upon the basis of data which aic diicctly obseivcd 
In the following pages vaiious invcbtigations aic cited to illiistiate 
diftcrent \vays in which these thioe basic kinds of pioblems have been 
mot, and in tins nmnnci we shall siiivey some of the moic repiesenta- 
tive methods of studying social behavioi 


METHODS OF OBSERVING SOCIAL BEHAVIOR 

The individual behaMng iiT response to social stimulation does not 
piescnt tlic obbcivoi wnth neat little units of behavior, each appio- 
pi lately labeled It is the obseivci wdio must apply the labels, and the 
mannci in winch he docs so wnll depend upon the natuio of his pioblcm 
Just as the chemist cannot simultaneously dcteimiiio the specific 
gravity, the chemical piuiby, and the clcctiical resistance of a jncco 
of metal but must imcstigatc each pioblem scpaiatcly, go must the 
bocial psychologist select a paiticular aspect of an individiiars behavior 
which he wishes to observe at a given moment The methodological 
pioblem with winch w'c aic hcio coneeuicd is this Quite apait from 
the question of what p}0(hiced the behavior, what happened*! The 
usual lulcs of empincnl obBcrvation apply, in paiticulai, the exact 
processes by winch the observatiuuB woio made must be recoidcd in 
such mannci that they can be comraumcated to othcis Thus it 
becomes possible to icpcat the investigation and check the find- 
ings These and other siimlai factois of impoitancc aie suiveycd in 
Chaper 1 


Traits of Social Behavior 

Sometimes the social psychologist is intoiosted in a given kind of 
social behavior, such as genciosity or dominance, eonsidoiecl as a more 
01 less p^nsistent tiait of peisonalily Observations concerning such 
tiaiis have meaning only as one individuals behavioi can be cumpaicd 
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^vith tlmt of othei8 Such comptiii&ons cun be made either in terms 
ol ficquency oi of degree — oi piefeiably, both In any case a given 
score, say ol genciosity, is sigmfioant only in tciins of norms, i e , scoics 
made by othcis It is aha ncccbbaiy to know the basis of selection 
oi the otheis fiom whose scoics tlie noim is consti acted Tins factoi 
oi CO mpai ability is ol coiuse impoitant in all piobloms of measuicmcnt 
of beliavioi, and it is discussed m connection with mental t-csts in 
Chaptci 17 

The shoi t"samplc observation technique, as descnbecl by Goodenough 
[13] and her associates, is one of the most satisfnctoiy methods of 
dctci mining frequency of a given type of bohavioi It gets around 
such difTicultics as whethei to score a bullying episode of 2 ininutes as 
icpicscnting twice a‘=^ much aggiession as a l-iiiinutc episode, by the 
device of simply noting whcthei any aggiession at all oceuired dm mg 
a bncl period of time, say 2 minutes The individunrs aggi'cssion 
sooic IS tJie nnmbei of ubsoivation pciiods in whicli lie gets a positive 
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Thcic are many vaiieties of such obscivation techniques, bub most 
of tliein make no attempt to mtcrpict tire intensity or tlic significance 
of the bcliavioi Since, ob\iously, not all behavuns which can be 
icgaidcd ns sympathetic, foi example, aio equally so, it is common to 
lely upon the latings of a tiaincd obseivoi who, mteijueting the 
behavioi in the light of all the iclovant circumstances, expi esses a judg- 
ment of its intensity Since it is oidmanly ncithei feasible noi ncccs- 
saiy to obtain a lating oi eveiy obseived incident, sucli latings are 
commonly obtained at inteiwals, say of a week, and icpiesent sum- 
marized judgments of all obseived bchavioi during that period 
Uudei these conditions it is difficult to bo certain that all individuals 
111 a group have been undci obseivation for equal amounts of time, 
and there is some evidence that the quieter and moie ictirmg indi- 
viduals may actually be seen less than otheis by obscivci's Foi 
discussions of techniques see Symonds [40, pp 41-121], Allpoit [4, 
pp 435-447], Jones [19, pp 150-157] These techniques aic fuither 
analyzed and discussed m Chapter 21 

Self-judgments, too, icpresent a kind of obscivation tempered by 
judgment, the so-called pcisonahty testa best illustiato the use of this 
technique For example, one of the thiity questions m the aiscendanco- 
bubniission invcntoiy of F and G W Allport [3] is, ^^Are you 
oinbarrassed if you have greeted a stranger whom you have taken 
for an acquaintance?^' The lespondent chocks one of the throe 
replies Ve)^y Mttchf Sommhat, Not At All Total scoro rojiresents 
the lespondent's prepondei ance of solf-judgcd tendencies to behave 
asoendantly over tendencies to behave submissively, oi vice versa, in 
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a senes of situations Although ^clf-jiidgmcnt-s me often giavely 
at vaiianoo with those of outsidois, the foimci have then value — pio- 
viding, ol couibc, that icspondcnts aie motivated to be sinceic Foi 
example, a considciable majouty ol piospectivc stoic maiiagcis obtain- 
ing "submissive” scores on tlic nicasuic just desciibccl tuincrl out not to 
be successful on tlie job, whcicas a laige piopoition of those making 
"ascendant” scores weie aiicceesful, us judged by their supcriois 


Response to Specified Forms of Social Influence 

Wo now levcrse oui pci spec tive The pievious problem was to 
observe variations m the behavioi of single individuals m many bitiia- 
tions, WG tiun now to obseivmg vaiiations among individuals in the 
same situation The range of methods hcie is somewhat widei, sinco 
we aie not limited to bchavioi's which may be thought ol as individual 
charactciistics 

Numeioiis studies of responses to various influences labeled ^^sugges- 
tion” illustrate the diffcicncc between the two kinds of pioblems 
Among tlio ficqucntly used measures of suggestibility are tlic follow- 
ing (1) amount of body sway (as lecoided by a kymogiaph connected 
by a thread to the subject^s clothing, without his knowledge) in 
response to the expei imentei 's suggestion that the subject is swaying 
forward [8], (2) the Bmet piogiessivo weights the subject is pi^- 
sonted with several weights, one at a time, each hcaviei than the 
preceding one, and then with seveial exactly like the heavicat in the 
pieceding soiics, score is numbci of times the lattoi wciglits aio judged 
to bo heavici than the preceding one [9] , and (3) degree of hand 
rigidity in respouso to the cxperiinentei 's suggestion, 'TIold out youi 
hf^nd— see, like mine— and fix your eyes on my hand While looking 
at my hand all the time, I want you to pay special attention to the 
feelings you get in youi own You will piobably feel a slight 
tingling or tightening or stiffening in youi fingcis ” [6] Two 
significant findings emeigo fioin such investigations (1) suggestibility 
m general is not an individual trait, individuals highly suggestible m 
one situation may show iittlo or no suggestibility m otheis, and (2) 
degree of suggestibility tends to bo noiinally distributed when the 
prestige of the expenmcntoi is not the important influence, but to be 
distubuted according to a U-elmped curve when it is the dominant 
influence, most individuals aie eithoi stiongly influenced oi scaicoly 
influenced at all by picstigo suggestion of this sort 

An example of a method foi studying the degice of confoimity 
to institutional influences arises in the analyses of the distiibution 
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of intUvkhmls’ responses to a given situation, as contiastcd to the 
vauations of a singlo indivicUiul’s icsponses in imiiiy situations 
F 11 Alliioit and his students have toi some voais woilced m this 
area [2] Foi example, in cwtain tcgions of a city in which auto- 
mobile paikmg was linntcif to 30 mmutes, obseiveis lecoidcri the 
actual iieiiods dmmg winch about 25,000 cais weie left paikcd [1] 
In this, ns in many othei eitiiations involving social jnessuie towaid 
conformity, it was found that, when behavior was chatted accoiding 
to degree of ii on-con foi mi ty (beginning with zcio, which coiiesponds 
to complete conformity), the cuivc did not icacmblc the fannhai 
'‘noimal" distiibution Instead, it took a icvciscd-J loim, somewhat 
lesemblmg the iiglit-liand half of a noimai curve Allport postulntCb 
several factois which would account for diffeient dogiccs of conformity, 
as indicated by the distiibutions of such scaled behaviois in vaiious 
situations 

Many of the very complex pioblems of social incentives (competi- 
tion, working alone veisus working m groups, etc ) have been studied 
in tenns of the most easily measuiable behaviois Thus Dashicll [11] 
used, among othei measiiies, simple imiUiphcation pioblems m a senes 
of cxpciimcnta m which individuals woikcd now alone, now m gioups, 
now spuucd by nvahy, and now by conspicuous observation The 
problem was to teat the hypothesis that the grentei pioductivity which 
18 dial actenstic of most induiduals when woiking m the piesencc of 
otliois, ns compaied to woiking alone, is a losulL of ecrtaiii kinds of 
social stimulation, rather than of the mcie picbcnco of other people 
It was found that most, but by no means all, subjects inci eased in 
speed at the cost of accuracy when obaeived or when competing, 
dificient kinds of social stimulation vaned in then powoi to motivate 
or to distract different individuals (Sec also page 673 of tins cliaptoi ) 
Mailer [32], compaimg effectiveness of gioup lewnids and individual 
rexvaids in stimulating school children, found simple pioblems of 
addition to bo the most satisfactoiy mcasuic )Subjccts chose to woik 
for individual lewaids 74 per cent of the time, on the aveiage, pro- 
ducing moio undei such conditions than when woiking for a class piize 
Stiongost motivation, howcvei, resulted wlioii “teams” competed 
against each other Ruch veiy simple means aic not neccssaiily the 
best ways of measuring such complex phenomena, mu infui mation 
about them would bo gioatei if a widci lange of tasks, oven though 
not so easily measurable, had boon apiihod 

That rather intricate methods of observing behavior may bo voiy 
iGWarding IS suggested in an cxpoiiment by Shaw [42], who, like 
Dashiell, had individuals perfoim similai tasks alone and m groups 
Shaw's problems, however , were extieincly diffloult, involving a long 
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succession of steps and compheatod ^^moves” — so haul, in fact, that 
scaiccly any of thorn wcic solved by individuals woiking alone, wheicaa 
in the gioup situation about half weic solved coiicctly Shaw had 
a noto-takci rccoid evciy suggestion by evciy individual m the gioup 
situation, wlicthci the pioposal was accepted oi icjcctcd, and by whom, 
was also noted, so that it was ])ossiblc to leconstiuct eveiy step of the 
givc-and-tuke pioeoss by winch the giou]) hnaJly aiuvod at a hohifcimi 
This soit of step-by-step locoiding of individuals^ intei actions to each 
othci leads to conclusions consistent with the findings of other studies, 
but which onieiged only from the very detailed observations of Shaw 
that complex pioblems of tins soit are moie effoctively solved by 
gioiipfe than by individuals, piimaiily because (1) a wider langc of 
ways of looking at the pioblem is offered, (2) a laigei numbei of solu- 
tions 18 pioposed, and (3) each pioposed solution leceives moie cnti- 
cism than an individual, woiking alone, would be able to make of his 
own piojiosals 


Social Attitudes 

An attitude is not a response, but a more or less peisistent set to 
respond ni a given way to an object or situation Tlio concept of 
attitude 1 elates the individual to any aspect of his enviionment which 
has positive 01 negatne value foi him It is not suipiising, therefoio, 
that bocial psychologists have spent so much time investigating bocial 
attitudes, as lepiescntmg individuals^ dynamic relationships to aspects 
of their social enviionment 

Systematic obseivations of attitudes have most commonly been made 
by the use of papei-ancl-peiieil i espouses of subjects (Poi picsent 
piiiposes wo shall ignoie other methods, such as content and symbol 
analysis ) It has been found both dcsnable and practicable to con- 
ceive of attitude towaid any given thing, eg, the UN, as langmg 
along a scale, fiom the extieme of being veiy favoiable to that of 
being veiy unfnvoiable, the midpoint being ncutiality Attitudes, so 
conceived, aie subject to measuiemont, like tempeiaturo conceived of 
as above or below any aibitiaiy zero point Theie aie two majoi 
pioblems of measurement (1) to make suie that each position on the 
scale is correctly placed m i elation to other points (just as, on a yaicl- 
stick, the point registeiing 8 inches must come between the points 
regibtoimg 7 and 9 inches, and not betweon any othei points), and 
(2) to make buic that the intcivah between any two adjacent points on 
the scale arc equal (just us the distance on the yaidstick between the 
points labeled 4 and 5 inches must bo tlie same as that betweon any 
othoi two adjacent points) 
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Tho nioiii bucccssful atteni]>tB to make attitude scales as dci)cnclablc 
as yaidstirks aie those ol Tiunstone and his ussociatea [47, 49] See 
also Chaptei f) (Tho soiious student is icfcviccl to oiigmal aouices, 
which can be only skctchilv siiininnii 2 cd licic ) Both the majoi piob- 
Icmb just mentioned Hie solved by iccouisc to a huge niinibor of 
judges, each of whom le piesentcd in landom oidei with a senes of 
attitiulo statoments, langing tiom one e\tiemc to the other, oonccinmg 
a given issue These statements aio soitcd by each judge into a 
nmnbci ot piles (usually 11), acooidmg to dcgico of favoiablo oi 
imfavoiablo attitude which tlio statement lepresents, not accoiding to 
tho judge^s agi cement oi disagi cement with it Statements revealing 
cnntiachctoiy judgments are discaidod as ambiguous The scale value 
of each icmaining statement then becomes the median position assigned 
to it by all judges Thus (to take an ovoi simple illustiation) , suppose 
statemontb conconimg the UN had been sorted by 100 judges into 
11 piles, the most cxtiomely favoiablo being in the first pile, the most 
cxtieinoly unfavoiablc in the olcvcntli, and tho most nearly neutral m 
tho sixdi SuiJiiosc tho statement, “I think most of tho U N polioicfl 
bhoulcl be oontinucd,^^ had been put intcvthc second pile by 10 pei cent 
of all judges, into the tlind by 40 poi cent, into the fourth by 40 pci 
cent, and into tho fifth by 10 pci cent, its scale value would then be 3 6 
This pi occehn e, knou n as that of ^^equal-appearing intci vals,*' results 
m a scncb of Htatcineiits (usually 20 or moie) each of whoso scale value 
IS known The distance between any two points, i c , Btatemonts, 

is the difference between then scale values, which also dotcimino tho 
propel sequence of the statements Individual score on such an atti- 
tude scale IS the mean oi median of all scale values of tho statements 
with which the subject expi eases agi cement 

All this, of couise, is based upon the assumption that the original 
sorting of statements by judges has been clone in about the same 
manner that the subject lespon cling to the attitude scale would have 
done it himself Theie are bound to be individual differences in such 
judgments, even after discarding the moie ambiguous statements 
(^pinions conceinmg tlie issue involved, however, do not appear to be 
major detoiminants of diffeicnoes in such judgments Thus Hinckley 
[15], for example, has shown that two gioups differing widely in 
attitudes toward Negioes express almost identical judgment con- 
cerning the scale value of statements of attitude toward the Negro 
Altogether, Thurstoiie^s proccriuio represents an immense advance in 
tho direction of accurate moasiiroment 
One of the Bhoitcommgs of Thuistonc^s scoring method, however, is 
that it does not piovido adequately for cliffei cnees m attitude intensity 
A pm son extremely opposed to Russia, foi example, would obviously 
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agiue witli oxticinely stated anti-Russia s tat cmonts, but he would also 
be likely to exjnosM agi cement with some statements loss cxticmc than 
hiB own position His souie thus becomc's ^hhlutod” with the scale 
values of less cxticinc statements 

Tins shoi tcoming, togethei with othei ronsidciatums, has led Likoi t 
[28] to jnoposo a srhnne of lesponding to attitudo statements m tcima 
of degieo of agreement, lathci than all-oi-nonc agiecmeiit LikertS 
subjects lospoml t(» all statements in a scale, by checking one of the 
following Stiongly Agiee, Ag^ee, Unceitani, DisagicCf ^bo? 2 gly Dis- 
agree Each attitude statement thus bocuines a scale within a scale 
Careful statistical analysis showed that the simple cIcyicg of sconng 
the foicgomg i espouses 6, 4, 3, 2, and 1, icspectively (if the statement 
is favoiably woided) oi 1 , 2, 3, 4, and 6 (if it is unfavmably woulcd) 
lesulted m scenes equivalent to those obtained by inoie elaboiate 
statistical devices Final ^coic is simply the sum ot the values (1, 2, 
3, 4, 01 6) of each attitude icsponsc, so that the possible lange of scoies 
in a 20-statemeut scale would be fiom 20 to 100 Because it allous foi 
gieatci exti ernes of intensity, the Likcit technique has been lopoitcd 
to yield Boineuhftt moie lelii^ble losults than the Thin stone sconng 
system [29] Although it is not necessaiy, in using Likcit scales, to 
establish the scale values of each attitude stuteinont (since it is not 
used 111 scoimg), oonfidoucc m the Likeit method ib cunmdciably 
increased because it yields results vciy similai to tliose obtained with 
Thuiatone^s methods 

The leader intciested in the lesults of apjilying such measures will 
find a considerable body of evidence concerning social attitudes tieatcd 
as response to situations, eg, tlie kinds of expciienceB winch give use 
to 01 which modify them, and also concerning social attitudes as indi- 
vidual chaiacfcoiistics, og, personality tiaits associated with vniious 
attitudes, or with susceptibility to influences likely to modify them 
See, far cvainple, Rcfeicnces 36 (Chaptci 13) and 44 Attitude scales 
can be efficiently employed as dependent vanables in inveatigatioiis 
of many types of social behavioi Examples of this u^ago vill be 
found m the following pages 


CONTROLLING SOCIAL STIMULATION 

As the investigator seeks to discover the oonditiona under which 
individuals vaiy in their behavior, he mubt find ways of controlling 
social stimulation, i c , knowing as much as pofasiblo about what 
influences are and wdmt aie not involved Social stimuli arc usually 
lathei complex, and the individual commonly finds himself bombaulcd 
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l)y many soouil inrtuenceH at onco Tlie mvestigatoi must ha\c honie 
Dicans of Itnowiiig to which of those inihiences he can attijbufco (jbsci vod 
changes in bohavioi 


Experimental Control 

The moat satisructoiy, although often th(‘ most difflcult iiiothod of 
contuillmg social stimulation exiieiiinenb, i o , designed maiiipulatian 
of conditions The physicist inteic^tcd in the pioblcin of expansion 
under heat dues not wait till he happens to find a given substance at 
vaiiQus tcmpciatiiics, ho licats it to ^uit his cxpciiiiicntal inu poses 
Tlie feocial psychologist docs the same thing uheii he can 

One of the pioblems most easily subject to cxpcimicntal eontiol is 
the eftoefc ol ceitmn experiences upon social attitudes Foi example, 
Thur stone [48] has shown that ccitani movies dealing with the tieat- 
meiit ol ciiminals have an effect upon the attitudes of high-school 
childien As shown in Table I (in which low scoios indicato attitude 


TABLl!! I 

Muan fUoROs OP Aiwudb Toward Tni atmmnt of 

(jRIMlNAIJi, BJiK<)Ul AND AP'rBU SkUNU FilMS 


Fihnfl 

M(wi Bcoio 

Moan Setiro 

Moan Score 

Seen 

Boforo 

Aftoi 

DilTorcnco 

None (control) 

4 96 

4 08 

+ 03 

Film. X 

6 14 

6 13 

- 01 

I\Im Y 

6 23 

5 2r 

-1- 04 

l^^hna X + Y 

6 23 

6 03 

^ 20 

Films X + Z 

6 14 

4 07 

~ 17 

Films Y -h Z 

6 23 

t 05 

- 28 

Films X -h Y + Z 

6 22 

4 83 

- 30 


of leniency m ti eating criminals), none of the tliioc films, soon alone, 
has much effect, but any two aio moio clTcctivc than any one, and all 
thiec produce gioatoi lesults than any two Since the amount of 
attitude change vanes consistently witli the iiumbei of films seim, it is 
pretty certain tlmt attitudes woio iniluenoed by the social atuimintnm 
of seeing tlic films 

In an oxpeiimeut by Knowor [21] tlie kind lathor than the amount 
of stimulation was controllocl Attitudes tow aid prohibition (liefure 
its icpoal m 1933) wcio moasiued before and after various typos of 
appeals concerning the issue Each of iieaily 1000 students, as exjien- 
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inontal subjects (iii addition to 300 as contiols), was subjected to both 
<i>pokon and wutteu appeals ot one of the following types diy logical^ 
diy peisuasivc, \yet logical^ and wet peisimsivc Oial piesentation 
pioved highly eftective to all gioujis (with individual exccjitioiis, of 
coinse), and mean semes of all gioups subjected to wiittcn picsenta- 
tion weie also significantly influenced^ although to a Icssci degree 
Tlioie wuH no consistent siipoiionty, fm all gioups, of citliei logical oi 
poisuasive ajijieal Pitdmbly moie significant n the cxpoiimentoPs 
finding that, leguidlcss of dvection of initial attitude, ic , wot or diy, 
least attitude clmngo was shown by those whoso attitudes were already 
definitely foiuied, and most by those whose initial attitudes weie 
moi’e neaily ncutial In this cxpciiincnt wc thus see tho eftects of 
social btimulation as it is eon ti oiled foi tlucc kinds of conditions 
nicdiuiii of piesentation, mode of appeal, and pievious attitude 
One of the pcisistent pioblems m social psychology has been social 
fauiitatwnf as in tho eflect of vaiious foims of social influence upon 
speed and acouiacy of woik done Forms of social mflucnco were 
coutiollcd by Dashioil [11] as lollows (1) subjects woiking m a 
loom alone, knowing that othei^ weic working simultaneously in other 
rooiUB, Htartmg and bfopping woik by a buzzei hcaid by all, (2) m a 
loom alone, by individual appointment, (3) seated togethci about a 
table, with insti actions not to compete, since sooios would never be 
compaicd, (4) seated together about a table, with luBtiuctians to 
compete, since scoies would bo compaicd, and (5) one individual 
woikmg while cunsinciumsly watched by two otheis The inatonal 
consisted of multiplication pioblcms, mixed iclations tost, and free 
serial woid associations Diicotious weic piesentcd at the top of the 
woik sheets, and five alternative seta of all matcuals weie used, aftei 
it was first demonstrated that the five foims weic equivalent The 
subjects were told to woik as accurately and as fast as they could 
By means of tlie contiols doecribed, DashieJl was able to show that 
increased speed (usually at the cost of aceuiacy) is found not when 
individuals merely woik ni tlio presence of otliors, but lather when 
individuals take a competitive attitude toward others This attitude 
uppaientl}- cliaractenzed subjects in situation 1 above, since tiioy 
woikcd faster and less accuiatcly than those lu situation 2 These 
jcbiilts, howevci, lopicacnt gioup aveiages, with a significant nmnbci 
of individual exceptions Tho evidence suggests that some individuals 
wcio hmdoiod lather than stimulated by the competitive attitude 
This factoi, which is peilmps related to social cxtrovoision, should 
also 1)0 conti oiled in future investigations of this kmd Another kind 
of cxiioumcntal control is chscufased in tho section on social climates, 
pages Q90“-091» 
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Selection of Subjects of Different Backgrounds of Experience 

Just aa the astumoiuoi cunnot rK'ato an echpso, hut must wait till 
it occuKs and tlion go wJinio it ran be ol)M'ived, ho tlie .sorial psyrliolo- 
gist cannot cxpoiimentally inampulatr many of the cxponeiices \s1iobc 
eftet.ts he \vislicB to stiuly IIo theiefoie selcrts indivuluulb to wlioin 
such expel lenccs have happened '‘natiiially/' taking jiainb to bee that 
the individimls compaied aie as iienily as pubbihlc alike in othei 
1 aspects 

Thus Hall [14], \\islung to study some conbcquenccs of unemploy- 
ment dining the 1930^9, compaied 300 employed witli 300 unemployed 
professional enginceis, matched foi age, noimal Gaining power, educa- 
tion, state liccneiiig, nativity, and maiital status Foui scales wcio 
employed, incasiumg attitude towaicl lehgion, attitude towaid eni- 
ployeis, ‘hadicalibm,'^ and ‘hiccupatiunal moiale” It was found that 
the unemployed had much pooici moialo than the employed and weie 
much inoio ciitieal of cinploycis, but did not clifler fiom them m 
ladicalism or leJigion By oompanng i^niioiis groups of those employed 
(nccoiding to hnancuil icsouioes, length of unemployment, etc) it 
was shown that moiulc doei eases sfcadiiy with lessened eeononuc 
sccuuty In this instance it was not possible to eompaie attitudes of 
the same individuals bcfoic and after unemployment, but compaiisons 
of those subjected to chfteient cxpciionces with lesjiect to enijiloymont 
yield icHults that seem to be dependable 

An investigation by Dodd [12] is an example of a metliod designed 
to tost the effects of the various foims of social stimulation associated 
with leliguma affiliation '^Social distance" responses wcie obtained 
from 170 students of hotel ogenoous background in a Syiiau University, 
leprosentmg 15 national and 11 leligious gioups Each lespondcnt 
lecordcd his attitudes towaids membeis of scvcial national, loligious, 
economic, and educational gioups, on a scale siimlai to those denved 
by the method of equal-appearing mtoivnls Tlic actual straps of the 
scale used by Dodd, with the ciiltuial backgrounds of the paiticulai 
students m mind, wcic as follows 

1 If I wanted to nmrry, I rtoidd mam oiio of tJiem 

2 I would ho Willing to have as a guest foi a meal 

3 I piufor Lo haw nieiely as un af qiminUnco to uhom one tnlkw on inoeting 
in klio etreot 

<l I do not pnjoy the cojnpanionship of tlicao pnopJo. 

6, I wish some ono would kdl all iliofio mdlvidualfl 

X I know nothing about this gioup, I cannot exjjrosH an attltiido 

The method of icsponso was simply to check ono of those scale steps 
for each national, ichgious, oi othci giouping lefoirod to» The lesults 
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wcio analyzed m tcims of ^‘intcigioup distance/* ic, the scale ^aluc 
of the degice of acceptance of a Tuik by an Aimcman, foi exaiujilo, 
01 of a Moslem by a Jew 

Among seveial otlici findings ol intcicst, it turned out that the 
greatest vanations in tooial distance (willingness to accept mcinbeiB 
of other gioups) weie those among icligious gioups The luvestigatoi 
points out the donnnunce of icligioiis foiccs in the Ncai East lesi- 
dences, schools, legal codes, and even political icpicscntation aie 
likely to be detci mined by leligioiis afliliation In shoit, the duminant 
mteiests of individuals aic diicctly linked, paitially m supposition 
and paitly in lact, with their status as meinbcis of leligious gioups 
In such investigations as tins, social influences — ^^vhole clusteia of 
them, in this instance — aie conti oiled simply by selecting individuals 
who have been subjected to tliem. 


Statistical Controls 

Rathei closely i elated to the»piccoding technique arc various statis- 
tical devices by which one oi moic foims of social stimulntion may 
be hold constant while otticis aie allowed to vaiy When such methods 
aie used, thcie is no initial selection of subjects on the basis of picvious 
social stimulation, m fact, subjects may be selected by purely landoin 
means, piovidcd they lepiesent an adequate range in legard to the 
kinds of stimulation which it is desired to study Since such methods 
are in common iiso in almost every aiea of psjrchologicnl investigation, 
only one illustiation will be piesented, to save space lor methods moic 
uniquely characteristic of social psychology 

In an investigation of paient-child resemblances m social attitudes 
[40], scores were obtained fiom appi oximately 800 “children,** langmg 
in age fiom 14 to 38 yeais, togethei with scoies fiom one oi both of 
their parents Fairly consistent correlations were found between 
paients* and cluldien’s attitudes, regaidless of sex, age, lehgious 
affiliation, or socio-economic status, the coefficients of con elation were 
m the neighborhood of 6, 5, and 4, respectively, foi attitudes towaid 
church, Communism, and war The question then arose as to whethei 
children closely lesemblmg then parents in one attitude also resembled 
them in otheis, was the degree of relationship specific to a single 
attitude, or inclusive of all thice? In order to answer tins question, 
one group of families was Beloctcd hi which paienfc-child diffeiences m 
attitude toward church was 6 scale points oi less, parent-child coriela- 
tions weio then calculated for both attitude towaid war and attitude 
towaicl CoramuniBm» Similarly, anothei group of families was selected 
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on tlie busifii of cloao jnuejit-cluld icfecmblftnco in attitude towaid 
Ooiuminiibin, and paiont-child conclations calculated loi botli of the' 
othoi attitudes The results, us shown in Table II, indicate only a 


TABL1-: If 


PABBNT-aiiiLn GoRiiBnATioNB IN A'mTtJDi s rowAui) Chuuou and Com MIT n ism 



N 

Church 

Com- 




munism 

Group selected to coi relate liigMy 

m attitude 



toward church 

220 

90 

02 

Gioup soIoctiHi to coi relate highly 

m attitude 



toward Comimimsm 

227 

74 

93 

All oases, unsolof led 

1090 

63 

66 


slight tendency foi childion icsembhng patents closely in eithei atti- 
tude to icseniblc them in the other attitude moie closely than do 
unsclcctocl cases ( 74 as compaiLMl to 03, unci 02 as compared to 56) 
The pioccduie hcie is that of ctmLiolhng parental influence, as indi- 
cated by one variable, on the basis of a statistical ciitcnon, while not 
Conti oiling the otlioi vaiiabic of individual diffci cnees 


Cultural Comparisons 

Almost all the evidence bo far submitted has been obtained irom 
American subjects To an unknown degree, the findings aic therefore 
mflucnced by such cultuial conditions as aie pcculiai to America, it 
would be totally unjustified to assume that the same findings would 
apply to all human beings every whcic 
Mead [33], impressed by such consideiatione, sought to compare 
m two contrasting eultuics, Amciican and Samoan, the conditions 
uhich appeal t-o bo lelated to the well-known phenomenon (m 
America) of adolescent stoim and sticss To the extent that the 
phenomenon is a function of biological changes, it should appeal 
among all human societies, legaidless of cultuial vaiiations To the 
extent that it is a function of the cultuial vanations, it should vary 
With them, The Samoan society was chosen because of coitam indi- 
cations that cultuial cncumstunccs apparently lelatcd to adolescent 
clifflculties in America weie not present in Kamoan cultiuc 
The major aspects of Samoan cultmc were ascertained by more or 
less standaid ethnological pioccdures, especially through interviews 
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(in the language of the natives) \Mth sclectcil mfoimniits, checked by 
otlicM infoimants and bv ohseivatiun imdci vaiyiiig conditions Foi 
each household in thieo selected villages data weie compiled concerning 
nink, wealth, iclationship to othei households, etc, togethei with a 
wide lange infoinmtion concciinng each individual in each village 
Foi the specific study of adolescent behavioi, all the gills between 9 
and 20 years of age in tho three villages weie subjects To these 68 
gills wcic apiihed the methods of the climcuin and the social woikcr 
standaidized (but infoimal) interviews weie held, simple tests admin- 
istcied, and check libtb conccinmg individual cxpcuences ami attitudes 
filled out by the invcstigatoi Tlic study may thus be said to be 
‘‘sciQiitifio” in the sense that a hypothesis was chocked by means of 
leasonably objective mfoimation concerning a kno\\n sample of the 
jiopulation, but not in the sense that all equally competent obseivcis 
would neccssaiily ha\o diawn the same conclusions fiom the data 

Mead has moio lecently presented [33] a compiehensive statement 
of objective means of iccouhng the behavioi of childien The intei- 
ested leadei will find many suggestions by means ul which be- 
havioi s can bo lecoided with a^niinmium of subjective intci protation 

Mead’s findings may bo consideiGtl definitive in one respect since 
adolescent stoiin and slicss is much less ficquent and loss intense in 
Samoa, it must be to a considciablc extent a function of cultuio 
(biological factois being assumed to be the same in both societies) 
As to the particulai influences involved, her conclusions aic inoie 
tentative, since it was not possible to isolate the many simultaneous 
influences with respect to which the two cultuics differ She points, 
howevci, to the following Samoan childien ’s caieeis are to a veiy 
largo extent cut out foi them, bo that they have few weighty choices to 
make as they appioach maturity, Samoan family ariangcmonts aie 
such that childicn develop veiy little emotional dcpendenco upon any 
paitioulai adults, and thcie is little social piessuio foi Samoans of 
any ago to inhibit any expiession of interest in sex, although thcie aie, 
of course, approved and disappioved ways of expi easing such an 
interest 

Within a society as complex as oiu own thcie exist, in effect, various 
subcultuies, and contrasts among them may be quite as illuminating 
as those among totally diffeicnt cultuies Thus Davis and his asso- 
ciates [10] have caiefully observed tho customs, particularly with 
regard tp child training, shared by mcmbeis of diffcicnt social and 
economic groups of Negioos in America. 

The several classes were distinguished according to methods origi- 
nally devised by Wainei [60] Individuals arc intci viewed as to who 
their actual associates aie, and these sclf-iepoiiis are supplemented 
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by obbeivatunis conccnnmg vi'^iting lU ouch othei’s hoiiiob, inonibcibhip 
in clubs and uthci groups, otc The basic ussumption is Unit indi-. 
vidunls who associate hecly togcthei belong to the same eJass Tlie 
relative positions of the seveial classes aie detoimiiied by dnect qiies- 
tl'mmg ol mdivuluala at all levels conceining the po-^ilioii of them- 
selves and then associates leiatuc to othet giuups lecognizecl b5 
them It IS nsseitcd that ‘The moiiibcis oi all classes agree upon 
the lelativc status ot each class Behavior and attitudinul chneienccs 
aie ascci tamed by the systematic interviewing of both paicnts and 
cluUhcn cunccinmg themselves, other membeis of then fannhes, then 
fi lends, and then associates 

By these means the invcstigatoie found, first, such stiikingly dif- 
fer ent patterns of behavior as the following middle-class Negioes, 
as compaicd with those of the lowei class, aic much luoie icstiaincd 
in physical aggicssion, stiongly disapptove of cxtiamaiital sex lela- 
tions, take then church mcmbciship veiy seiiously, and spend much 
moie tune with tlicn eluldieii, in whom they attcm])t to cieate attitudes 
of restraint and inhibition, rathei than contiollmg them by fence, 
thieats of beating, etc Secondly (ai^d moic significantly foi iheu- 
ictioal purposes), they show that these subeultuia) (hffeicnccs, uhicJi 
have obvious eflccts upon the developing peiaonahtics of cliildicn, aie 
poipetuated by the social bariieis between the two groups Lowxm- 
class Negroes simply cannot acquiie middlc-cIass bchavun, because 
they me excluded from intimate companionship wnth them, and middle- 
class Negio cliildien aic never allowed to lose sight of the awful fate 
in stoic for them if they allow themselves to descend to lower-class 
ways 

Such attempts to contiol eulturul factors, while fai less (‘xact than 
those which aic possible by cxpeiimcntal oi statistical methods, mo 
nccGsaaiy supplements to these methods It cannot be too stiongly 
cniphasi 25 od, in fact, that social psychological findings within a cultiue 
can be fully iindei stood only in the hglit of compaiable findings out^uic 
that culture 


REUTING INDIVIDUAL RESPONSE TO SOCIAL STIMULATION 

CompaiatiYoly few social psychological problems can be solved 
simply by accurate observation of lesponse to contiolled stimulation 
Solutioiis attempted by such means larcly go fiuther than a distiibu- 
tion curve, i e , a statement of what proportions of groups solooted m 
a given manner make vaiums degiees of lesponso to the same stimula- 
tion, or to comparable stimulations We me faced with the same 
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limitation even in the attempt to account for the behavior of a single 
individual at best, the investigator may conclude that indiviclual X, 
confionted with social stimulation Y, show*^ a charactciistic lango, oi 
distiibutinn, ol lesponso, with gicatei ficqucncy at some ]>omts nithin 
the laiige than at oiheis 

Such liinitatums result piincipally fiom the fact that almost any 
social situation has many jiossiblo ^'mcanings/^ either foi the same 
jndjviclual oi foi diiTeicnt ones Poi present purposes we shall define 
meaning simply as the mannei m which the inchvidual relates the 
situation to the diiection of hia own behaMoi The notion of behavioi 
dncction implies selectivity on the pait of the lesponding individual, 
botli in his ovcit behnvioi and in his perceiving of the situation Thiee 
flsjioots of bchaiioi aic thus in tei dependent the goal toward which it 
is diiected, tlie way in \\hich the situation is seen to be lelated to the 
goal, and what the individual does about it Any one of the thieo may 
deteimme both of the othcis Thus, a pre-existing goal direction may 
dctcimme both mannci of perceiving and oveit behavior, a particular 
mannei of pciceiving a situation (peihaps fixed by habit) may sot a 
goal diiection and initiate a aoiuso of action, oi a given coin so of 
action, once begun, may icinforcc oi modify a goal diiection with its 
coiicspondmg munnci of peicoivmg In any case, these aspects of 
hohavioi, together with others, eg, affective and cognitive, function 
togcthei, pattcrn-iusc, more or less harmoniously Foi nant of a 
bcttoi Icim, wc shall icfer to this over -all dii ectionahty of behavioi at 
any given moment as a motive pattei n 

This little essay on theoiy has been inserted into a treatise on 
method foi two icasons (1) no method is cvei bettei than the theoiy 
upon which it is based, and (2) the inoie significant lecent develop- 
ments in social psychology, in the wiitei^s judgment, have taken 
account of the fact that social stimulation affects behavior only as it 
influences n total motive pattern The remaining pages will detail 
some of the conditions under which it is and is not necessaiy to deal 
with such piobicnis, and some of the ways m which investigators have 
sought to meet theni» 


Sharply Defined and Weakly Defined Situations 

In certain situations the manner m which social stimulation 
mfluenccs a motive pattern docs not constitute a pioblem, because the 
possibilities are nariowly limited Thus Landis [23], m studying 
facial cxpiGssions under strong emotion, presented his laboiatoiy 
subjects with intense, well-defined stimulation, such as a stiong electue 
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shuck or n. live lat whose head was to bo cut oft with a dull knife He 
found that, although ccitain individuals tended to favoi ceitam 
muscle pattcina and to neglect otheis, theic woio no Btandaid patteiiis 
of facial cxpiessum on the pait of all subjects which distinguished 
between one kind of emotional situation and unothci Such a finding 
may be intcipi’ctcd without furthci investigation of tlio luituic of the 
inchvidiinl moU\o patterns involved, it fcccins safe to assume that 
they w^cio pictfcy standard, for all subjects A mmo detailed 
description ot Landis^ impoitant investigation has been presented in 
Chapter 13 

Some of Lnndia^ situations involved little or no stimulation of a 
cleaily social natuie, but social stimulation may also be qmte sharply 
defined It is not necessary, lor example, to mquiic into the natuie 
of the motive patteins involved in an intense panic situation, eg, a 
ciowd tiappecl bj' a file fiom which theic is no escape Pci haps the 
neaiest appioximation to such a situation which has actually been 
investigated is Laiuhs study of ^hazzing” [22] He aiiangcd with 
the members of a fiatcinity to submit each fratcimty pledge, one at a 
time, to a senes of intensely humiliating oxpouenoes while poifoimmg 
certain motor tests (bucecBS m winch was assumed by the pledges to 
be a condition of acceptance) , each pledge thought himself to be the 
only one subjectc^t to such lazzing In moat tests the subjects per- 
foimcd less well than iinclci oontiol comhtions Here again, unless ono 
IS mteicsted in making an mti'usivc study of the individual sulijocts, it 
seems unncccfisaiy to investigate individual motive patteins, for othei 
purposes^ the meaning of the stimulation may be assiimcU to bo more 
or loss standaid 

Most kinds of social stmuilntion, howevei, provide many possi- 
bilities with respect to meaning Hence methods of holding the 
stimulation objectively constant, no matter how^ accurate and ngoious, 
do not insiiie that individual motive patteiua will be standard Tlio 
woik of Razran [41] show's how such factors may become involved 
even m a "classieah^ laboratoiy expenment on salivaiy conditioning 
He succeeded m obtaining a conditioned salivaiy flow to such stimuli 
as the beat of a mctionomo on the pait of many of Ins human subjects 
Oaieful analysis of his lesults, however, showed tliieo distinct patterns 
of conditioning icspoiiso (1) the ‘hioinml” one, like that of Ihivlov's 
dogs, (2] complete failuio to establish the conditioned salivation, and 
(3) ^beverac'^ conditioning, lo, a smallor rather than a largci flow of 
saliva aftoi the signal indicating food The distinguishing faotoz 
tinned out to be attitude towaid the expenmentor Spooifioally, both 
the first and third groups senbed what the ox])cumcntci was u]i to, for 
various reasons the first gioup of subjects was motivated to along*^ 
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with him, wherens the thud gioup developed an iitbitudc of lesistance 
Thus putent may sucml stimulntum become even m laboiatoiy 
sitimtiona, v^hich have not commonly been thought of as involving 
bocial stmiiilatiion 

Failuie to take Mich considerations into account may lead to doubt- 
ful intoijnctations ol investigations othcnvise w^cll planned Many 
invcstigftfois, foi evampic, have somewhat naively obtained attitude 
ineasiiicmeuts befoic faubmitting then subjects to some cxpcncnce 
designed to modify the attitudes, when the attitude measui cinenta aie 
ie]}eatcd aftci the cxpenencc, it is soinetiinos assumed that the obsei ved 
ehaugo in attitude scuios is a stiaightfoi ward consequence ot the 
expenence Staithng examples of attitude shift have thus been 
iei)orted as a result of a unit of school nistiucfcion No mattei how 
well controlled the objective stimulation, m such expeuments, the 
suspicion lemams that it is the subject’s attitude towaid tlie school oi 
towaid the instuictoi which may Imve set the dominant motive pat- 
ternb, and thus do tei mined the lesults 

Some of the inoie piomising methods by which investigators have 
bought to obsei ve or to infer the wmys in which social stimulation is 
incoi pointed into motive patterns aie noted below 


Projective Devices 

All “projective^^ devices for investigating personality have m common 
the basic pioceduie of picsentmg the subject not with a situation 
alicady defined, to which ho must simply make a choice among pre- 
scribed lesponscs, but wuth a situation which he must define foi him- 
self It 18 assumed that the mannci m which he does so will deteimine 
his response The icadci is icfoired to Chapters 18 and 21 foi inoie 
detailed desciiption of these methods and is invited to note the 
fieqiiency with which they involve social atimulation, 


Frame of Reference Techniques 

One of the reasons why a situation may have various meanings is 
that it may be judged by diffcicut standards Shciif [43] has neatly 
demonstrated how social influences may opeiate to build up such 
standai ds IIo made expeiimontal use of the autokinetic phenomenon , 
le, a fefcationniy pinpoint of light, if shown at an unknown distance 
m a completely dark room, is seen by all subjects to move Since there 
aie no objective standards in terms of which to judge the amount of 
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]>eiceived movement, subjects tend to build ui) standaids or norms of 
then imn, with lepofited expeiicnee Some ol tlm subjeots, working 
alone, made 100 succeseivo judgments of the amount of perceived 
movement, by tins tune, each had established a eimiacfccuslic lange, 
c g , 1 to 3 inches, oi 8 to 10 inehcs» Othei subjects went Lhiough the 
same pioccduic, woiking m small gioups, eaoli of ^Yhlch, smulaily, 
established its own clmiactenstic range, accepted by all mcmheis of 
the gioup Conditions wcic then revciscd those who had fint woiked 
alone now v Diking in gioups, and vice -leisa The significant fincling 
was that nouns established m the gioup situation persisted in the 
alone situation, but nouns cstabliBhcd alone wcio modified in the group 
situation, BO that all membeis of the gioup came to make then judg- 
ments within the same langc, legaidlcss of what then picvious, indi- 
vidually eetablishecl norms had been We ha\o thus a demonstration 
of social influence at woik m ci eating standaids by which individuals 
judge weakly defined situations 

Some of Lcwis^ studies m political attitudes illustmte how suggestion 
opciates, not as mere blind submission, but lather (when it operates 
at all) by way of shifting the standards by winch judgments aie made 
In one study [27] she chose political sfogans, eg, peace without 
lionoi 1’^ dclibeiately taken out of context, m oulei to study the contexts 
into which subjects placed them Studenta whoso political pi efei cnees 
were known ueio presented with rank oidei cvaliuitioiH of these 
slogana, ostensibly by persons of prestige m tlien oyob, e g , Presulent 
Roosevelt for ^Mibeials/' or Biowdcr for Conimumfets The stated 
ordei of picfcicnce, as picsented to ceitain gumps, was such that the 
alleged source of the evaluation wms most nnpiobable, and such that 
tho subjects themselves would bo ccitain to disagicc wutli For 
example, Republicans were told that e\-Piosident Hoover hud ranked 
very liighly the slogan: 'Woikers of tho World, unitor* yubjects wcio 
then asked to rank the slogans m ordei of appiovul Latei, m intci- 
views, they weie queried at some length as to the moaiimg of their 
responses 

In spite of the piostige of tho stated aiithoia of the evaluations, 
most subjects clung to thou own opinions, although gcueially they 
accepted tho authenticity of tho evaluations piescntcd, ns indicated lu 
interviews held latei In those cases wheic subjects ehaug(*ci then 
evaluations to agree with those of tho admiied figiuo, eg , Koosevclt, 
reasons wore elicited m interviews Foi example, a CommimiBt sub- 
joot changed her formerly low evaluation of "No peace without honorf* 
to agree with the high evaluation attiibuted to Mr Browdei, explain- 
ing, "People are beginning to feel that way since Munich'* {tJjo Municli 
agreement, regarded by Communists as a conspiracy against Russia, 
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had lakoii plaoe only 2 months carliei) She had nevei thought of the 
pliiaso 111 tins context bcfoic The mvcstigatoi gives abundant evi- 
dence foi hei conclusion the suggestion can cauac a shifting 
of the paiticulai opinion from one context to anothei, cause a rcoigani- 
zation of the subject’s understanding and if the new pattern thus 
eicated seems at least as clcai and coircct as the old, then a Vhangc 
of opinion’ may take place, oi rather a new opinion may evolve ” 
Methodologically, the impoitant points here aic (1) the invest i- 
gatoi should not bo content with the meio conclusion that a inajonty 
of the subjects do oi do not change opinions under a given influence, 
lie must also explain the exceptions, and (2) only by caieful attempts 
(m this instance by mtciview methods^ to ascertain the meaning of the 
stimulation to the subject is it possible to discovei why the same 
stimulation produces diffeiont effects upon chffeient subjects 
Hyman [17], m a study of "subjective status” (defined as a personas 
concciition of his own position iclative to other individualsj , has inves- 
tigated the influence of x^aiying fiames of icfeiencc He discovcied, 
m piclunmary intei views, that judgments of own status varied accui cl- 
ing to tlio icfeienco gioup 9 ind accoiding to the specific kind (oi 
dimension) of status, in teims of which the judgment had been made 
Ills experimental subjects were thcicfoie asked to judge their own 
status in terms of 3 rcfciencc gioups (total adult population in the 
United States, fi lends and acquaintances, own occupational gioup) and 
6 dimensions (general, economic, intellectual, cultural, and social status, 
plus physical attiactivcncss) For this puipose 18 pans of graphic rat- 
ing scales wcie employed, 1 pair foi each of 6 dimensions with leforence 
to each of thiee gioups On 1 of each pan the subject indicated the 
percentage of the paiticular reference group whom he considered 
"higher” than himself in i egard, e g , to ciiltuial status, and on the other 
the percentage of the same gi’oup considered "lowei” with lespect to 
tliG same kind of status Each of tlie 18 indices of status was computed 
as the percentage of the reference gioup lowei in the given status, plus 
half tlic peicentage of that lefeience group in the same status 

The significant methodological contribution here is the obtaining 
of independent judgments uhder systematically varied frames of 
reference By such piocedures Hyman found that subjective status 
was altered considerably, foi each kind of status, by shifts of refei- 
once groups, eg, an individual might have high intellectual status in 
terms of the total Ameiican population, but low intellectual status 
m terms of his occupational gunip Some subjects charactenstically 
made use of one reference group, some of another, whcieas others used 
moic than one (as indicated m interview responses) Some subjects 
rarely or never thought in tcims of some one specific status, whereas 



otbcu wcic veiy impoitant to (hem As a fiuthcr stop m ilic o\pcii- 
meat/ subjects weic tlicjcfojc asked to laiik t)m hvo spocifio kinds of 
status in order of impoitance to them, ^^gonoiar' status tinned out to 
bo a composite of sj^ecific statuses, pai ticiilaijy inniienced by the nioet 
valued kinds of statuses Intel views fiirthei deinonstiatcd that these 
vaiious subjective statuses hud niiicli to do with feelings of msecunty, 
with ego needs, with areas of striving, etc 
Siicli CMcIciice as tins, although it docs not include ovcit bohavioie, 
gives strong suppoitto a hypothesis such as the following theic aic 
lUHiiiy sitimtioiH which mevitaldy involve judgnionts of own position 
relative to that of othcib, undei such conditions social bchavioi will 
vaiy with tlie fiaine of lefeicncc in terms of which own status is per- 
ceived, which in tmn determines the meaning which the situation has 
foi the individual 


Intensive Individual Studies 

It is a rcasoiiablo hypothesis, in view of fiH these considerations, 
that tlio poisistonco of tiaits ami stability of pcisonahty oigamzation, 
BO often observed ns charactcustic of the individual, inay tiaied 
to poiaistent motive patterns in toims of whicli social situations aie 
given meaning Notlnng shoit of pioloiigcd uml intcnhive stiuhob of 
individuals in a wide vaiioty of situations can serve to oheek sucli an 
liypotiicsis TJie most ambitious attcmjit, so fai, has been that of 
Munay [37], who iclied heavily upon piojcctivc devices, supplonientcd 
by a wide langc of otlici tediniqiies, foi obsciving and appiaismg 
individual pcisonahty 

In a nioie recent study, Murray and Mojgan [38] have adapted 
similar methods to the investigation of individual sentiments or atti- 
tudes Then \arioiis pioccduies ha\e in common two dial ac tens tics 
not common to most mothods of attitude measincmcnt (1) they are 
designed to circumvent ^Taotors which can intcriero with the 
tuie avowal of a sentiment,^’ such as variable undei stand mgs of the 
experimental situation, peisonal attitudes towaid the investigator, 
and irielevaiit motivatioiiB of the subject, and (2) they aio designed 
to tap the dynamic aspects of attitudes, as related to othei phases 
of pcisonahty 

ThiH dotailod, clinical study of the altitudcB of 11 colloge men 
ineludcd 03 ^Tooi of sentimeiils/^ or objects towuid which uUitudeH 
aro held, moat of them hud to do with war, lehgiun, piuents, and sox 
The following methods aie typical (1) aphoiiama the subject 
sorts out cards, oii each of which is printed an aphoiibin lelevant to 
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one of the attitudes boinp; studiocl, aiad indicates his degiee of accept- 
ance 01 1 ejection of it by placing the caul m an appiopi lately labeled 
box, this pioceduie has “nune of the quality of a definite commitment 
Hum making a iiencil cheek on a sheet of paper’h (2) sentimentH 
ciammution the examiner leads oft a list of woicls, to each of which 
the subject icsponds *Miy giving the most dcsciiptive adjective he can 
think of,” liaving been led to believe that his vocabulaiy is being 
tcbted, scoic IS ratio of ^'a])picciative” to ^‘depicciativc” adjectives, 
(3) a)Qument-co)np\etion test subjects aie asked to ^'continue and 
finish” punted veisions of intenuptcd aigunicnts between two young 
men, subjects, wiio aie led to beheve that then pow^eis of aigumcnta- 
tion aie being tested, usually make then own opinions clcai, but if 
tlic examiner is in doubt ho simply asks with which contestant the 
subject inoic ncaily agrees 

It IS not certain that such methods always yield quantitative 
scoies of adequate reliability, but it seems quite clear that they aio 
mi iinpiovomcnt ovci other methods m lespcct to validity Then 
chief Yiitue is that ol getting at spontaneous expicssions of attitudo, 
as distinguisiicd from foicing->thc subject to choose among pi escribed 
altei natives 

Anotliei study showing tho necessity of this kind of approach is 
that of Jvluiphy [30] on sympathy in young chiklien By means of 
latuigs and (objective observations, both ni froo playground situations 
and undci controlled conditions, she established icliable ineasuies of 
syniputhotic behavioi, showing that some chdclieii weie \ciy raiely 
sympathetic, othcis veiy fiequently so All cluldien, liowevei, wcie 
somewhat vniiable, in ways winch did not correspond to objective 
situational changes Such factois as tho following, howevei, explained 
many of the appnronfc inconsistenoies One clnld, normally Ingli in 
sympathy, abandoned such behavioi when he felt that hia position 
in tlie group was thieatoned Anothei, noiinally not vciy sympathetic, 
became much moie so when he felt insecuic in the gioup Obviously 
these two clnldion Imd incoiporated sympathetic bcliavioi into quite 
diffoicnt motive patterns, foi the fust, it was a moie oi less habitual 
and spontaneous way of cxpicssmg himself in social iclations, wheieas 
foi the second it was a way of le-oBtablishing his tlueatcned sccuiity 
Such an intcijiietation provides a key foi undcistanding what would 
othoiwiso be incompiehonsible inconsistoncy Professoi Koch lins 
given a detailed doacuption (page 666) of aoine of the othei impoitant 
aspects of Muiphy^e work on sympathy in childicn 

In an investigation of changes in political-cconomio attitudes of 
students, Newcomb [39] found it necessary to lely upon similar mter- 
pietations In a small college community where tho dominant atti- 
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tudcs weic although freshmen woie chavactoiisticully vciy 

‘'conseivativo/' ncaily all pumunent and popuhu stndentb weio eon- 
spiGuously liberal, and nearly all who had attitudes (jf antagomsm 
towaid the college, or who weic indiftcient to cullego activities, wcie 
markedly conservative Political attitudes, howovoi, weio not biinply 
a inaitcr of being assimilated into the college community in geneial; 
since some active and popular students lemained conseivative, and 
some who remained aloof developed liberal political attitudes It 
became necessary to inquire into the mannei in which students 
visualized their own lelations to the college community 
Several methods wcie used in pursuing this inqiniy Fn«;t, quos« 
tionnaiie lesponses wcic obtained, indicating quantitatively how 
students believed their own attitudes compared with those ot ficsh- 
men; seniors, and faculty, these assumed attitude diffeienocs were 
compared with actual, obtained diffcicnccs in attitude scoios (Two 
students whose attitude scoics neie identiCRl might attach quite 
diffoient meanings to them For example, one conseivative bcnioi 
might oonsulci hei attitudes typical for licr class, whereas anothci 
iniglit he fully awaie of lici conservatism) Second, u ^‘guess who^’ 
technique of ascei taming community icputation was cinphtycd 
Nttnioa wore filled in by a cioss-section panel of students m ansuei to 
such questions as the following ^^Whafc tluec studentM uie most (least) 
absorbed ui coUego community affaus? Most critical ol student 
coiniintteca? Mobt anxious to be Iclt alone to follow indivuliuil 
pursuits? Moat lesistant to community expectations?^^ liepuiation 
scores were computed fiom those icsponses Thud, scniistanclaKlized 
interviews were held with each senior, m which she was cneouiugeil 
to talk frankly and spontaneously, without being asked pomied que^’* 
tions, about such matters as the following "In wluit lespocts Imvo 
you changed most since coming to college? How about attitudes 
towaid public issues? How do youi present attitudes compaxe with 
those of othei seniors? With those of student leadeis? Have you 
felt that thcic is social pressuie to ‘libeiahze^ youi attitudes?" Intei- 
view responses weio not quantified, but classified into biond gioup^ 
By these and othei means it was discovcicd tliat some oxtieino 
conservatives, disappointed in tiicii hopes foi positions of college 
loadeislnp, were consciously rebelling against what they recognized 
as social pressure toward hboralism Othei conservatives, having lu) 
such liopos, led suoli rostiictod hvos that tlu^y beliovod thou mvn con- 
servatism typical of the entire community Some extrenio libeials 
wore trying to conform, whoioas others lolt their own extreme attitudes 
to be a mark of intolleotual superiority The psychological processes 
by which such individuals adapted to tho same community thus varied 
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with Um' nianiiei in which they fitted the social stimulation into then 
own iiHitive jnitteinfe 

Th(‘ methods by which such findings me anivcd at aic not simple 
In Nowcoiub's investigation they included i espouses to attitude scales, 
peisoiuildy latiugs, individual case Bludics, controlled intciviews, and 
objectively bcoied bclf-judgment of own lelationship to the community 
The method imglit bo Bunnnaiizcd as follows compaiable social 
stimulation foi all bubjocts, together with objective lecoids of behavioi 
plus oveiy possible appioach, both objective and inteiprctative (pio- 
\uling only that all approaches aie equivalent foi all subjects), to 
the inoblem of how the social stimulation is seen by the subject to be 
iclaU'd to his own motives Findings obtained by such methods ha\c 
significance beyond that foi single individuals Granting that, in the 
last analysis, each indnidual is unique, it will usually be found that 
many individuals leveal essentially similai patterns Foi the pur- 
poses of any given pioblem, in other avoids, a limited number of 
patterns may bo expected There seems to be no substitute, howevei , 
foi the method of intensive individual study m oidei to discovei what 
Ihe patterns aio 

l^sychiatnc methods of studying individiuils — methods chiefly intci- 
pictativG rathei than objective — must be mentioned in passing 
Sullivan [4C], foi example, defines psychiatiy gs the study of mter- 
licisonal lelations, the psychiatrist’s diagnostic task thus becomes the 
discovei mg of the patteins m tcims of which his patient perceives his 
own social iclations, Homey [16] has more recently described the 
“basic coiiflict’’ of the neuiotic in teiins of “the fundamentally contia- 
dictoiy attitudes he had acquned towaid othci persons” — specifically, 
unsolved conflicts among patterns of “moving toward,” “moving 
against,” and “moving away fioin” people Such contributions, 
although they must be accepted by the social psychologist as hypotho- 
Bcb rathoi than final conclusions, piovide a supplemental y aouice of 
data which arc altogcthoi congruent with other findings here reported. 

Methods of analyzing ^'personal documents,” such as letters, diaries, 
and autobiographies, have been summarized and evaluated by Allport 
[6] One of the most promising techniques is symbol analysis, as 
outlined by White [61] His basic assumption is similar to that 
winch undeiliOB all “piojective” methods “There is always a tend- 
ency for a person to think about what is related to his own needs or 
values, and to peiccive lus woild in terms of tlioso values” By 
White’s method any free verbal expiession, eg, a speech, a thera- 
peutic interview, or a diaiy, can be quantitatively analyzed in terms 
of values and agents (or objects) to which it is related Having 
found that n comparatively few woids ficrvq to represent practically 
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all the viiliio judgments that aie commonly put into wmcls in oui 
cultuio, White simply notes in the muigin of the wntten matoiial a 
stanclaid symbol foi the value icfeiied to, togcthci ^vith nnoihei 
symbol foi the object to which the value lelcis Foi example, n 
Bcntenco in which a wiitei states that he has little tiust m Russians 
IS sumumiized by tluec symbols one fui the value of tuithlulncbs, 
one to indicate that the value is cxpicsscd negatively, and one foi 
Russians By counting and comparing the ficqiicncios of dilfoient 
values thus oxpioSbcd, it is possible to draw significant conclusions 
conccining meanings which many kinds of situations have foi the 
individual undci sciutiny Systematic notation and classification of 
the writer’s iiao of value-laden woida lead to significant conclusioiie 
concerning the stimulus value which vanous pci sons and situations 
have for him. 


Sodometric Devices 

Gump niombcrship obviously piovufos^Hn imiiortanfc soiuce of social 
atmiulation, but the same gioup may have widely diffeient ineamngB 
to its component individiiais Moicno and hib associatoH [34] piocccd 
from the assumption that the natmo ol group nilluouco is in huge 
paifc cictenninuct by pcison-to-pcison relations within the gioup Tlic 
latter aic ascertained by the simple device of asking gioup members 
to make spontaneous choices as to prcfciiccl and icjcctocl mdiVKluals 
for specific pui poses, eg , living companions oi team Icadeis (Tlioic 
IS icason to suppose that such choices liavc more validity h it ib knoun 
that they will be acted upon, eg, that one will actually bo assigned 
to live with tho clioscn companion, but expoiimontal evidence is lack- 
ing on this point ) The netwoik of choices and rejections can thus 
bo eliaitcd, cithci foi the total gioup oi for any given member Tlio 
meaning of tho gioup foi the inctiMdual can thus bo undei stood in 
tonns, foi mstance, of Ins total lange of acqimmtaneo, oi of Ins own 
dean ability, as viewed by otheis, in contiasb with Ins desires foi 
cojnpannmslnp with others A dcsciiplion of the instiuction'^ and tho 
diagiammcd icsults of some of Moreno’s woik aic given on pages 
371-374 

A sacioiuotiic study by Jenmnga [18] has thrown Rome light on tho 
Bocial psychology of Icmleishij) Using as subjects the membcMs of a 
laige industual school foi girls, she showed that gnls chosen as leaders 
have widely diveigcnt jicisonality tiaits A Icadci, in fact, cannot 
be defined in terms of tho pusbcsBion of eertam tiaita, but only in 
terms of those vauous capacities of shaimg and paiticipating an the 
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jjaiticul.u foniis of Jiitoipeisonal lelations felt to be needed by 
iiionibcrs of the Bpeoifie gioiips involved 

Group Influences on Individual Motive Patterns 

Scvcial recent investigations conccining changes of habits, or 
“rc-cilucation," have not only deinonstinted that expcnmontal pio- 
cedures can bo applied to ical social situations, but have also thrown 
now light on the significant psychological piocesscs involved in such 
changes Thus Lewin [24], called upon to asceitam the conditions 
uiuiei which people weic willing to change ccitain food habits, com- 
pnicd the effects of two iirocccluics It was found that response to 
foiinal leotuics, loplcte with evidence, was slight When gioups were 
presented with tho iiroblcin of using non-preferied foods, howevei, 
“gioup decision” aftci fieo discussion led to a determination by many 
individuals to tiy the new foods Follow-up observations showed 
that in n laigc numbci of cases these decisions were actually earned 
out 

In a icpoit of several simila^r investigations [26], the following are 
representative. (1) Key officials in n gaimcnt factoiy could not bo 
shakeii from their conviction that older women wcic inforioi to 
ymingor ones at skilled jobs, m spite of ovoi whelming evidence to the 
contiary Only aflci discussions among groups of leaders and aub- 
Icadors was it decided to try the experiment of intioduoing more older 
woikois, the cxpciiment pioved a conspicuous success, and the pieju- 
diccs against them disappenicd. (2) Confirmed alcoholics, whose 
individual attempts to "ictoiin'’ have lepeatedly failed, find that the 
ciavmg actually disappcais after membeiship in a gi'oup of othei 
alcolioljcs, oiganizod foi the expiess purpose of suppoiting each other 
in then attempts to lead a satisfying life without alcohol, is estab- 
lished See also Reference 7 From this and othei similar evi- 
dence Lcwin and Giabbe concluded that one of the outstanding 
means foi producing acceptance of re-education is the establishment 
of a gioup m which the membeis have a feeling of belongingness 
Under such oonditions the individual seems to accept the new system 
of values and beliefs by accepting belongingness to the gioup, and 
this faotoi appears to be basic for i o-education, m that the linkage 
between acceptance of tho new facts or values and acceptance of 
ocitain groups oi roles is a very intimato one 

An Experiment on Group Influences 

In one of the most ambitious of recent social psycliological experi- 
ments, Lowin [26] and Lippitt and White [30, 31] arranged to have 
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HGveiftl boye* clubs conducted undci such coiuhtiond fts tn resuU in 
“sucial chmatcs” labeled dcmociatic, authoritaj mu, oi lai^sez^fatie 
The problem was to dctcimine vauations m the behavior of tlie lucm- 
bcis of gioups whose activities wcio Bystcmatically vaiied ihumgh 
diffcient toclmiqucs of leadeiship T)ie expcninent illiistmtes nil 
thicc of the aspects of methodology with which this chaptci 1ms dealt 
1 Conti ol oj Hoctal aiunulation The sevcial groups were equated 
as to intellectual, physical, and personality traits, iiicludiiig jmtterns 
of interpei sonal relationship, as indicated by aociomctiic means Indi- 
vidual peiBonahty factoia wcio further con ti oiled by subjecting each 
group to two or more sets of cxpcnmontal conditions Factors of 
leader peisonality were controlled by lotatmg the leaders among tlio 
different gioups Types of leadei conliol, the major oxpcnmental 
vaiiable, me summaiized as follows 


Authorifcauan 

^ Policy dotonninod by 
loader 


AcUvitioa and toohmquoB 
dictated hy l( 3 ador, one 
atop at a time 


Work t-oflk and work coni' 
pamoii of each hoy 
dioUited by lendoi 


Loadoi *‘porfloimV^ in 
praiBo and on ti clam, rc- 
malnod aloof from imr- 
ticlpation oxcopt whon 
domonflti’ating proce- 
duroB 


Doinocmtio 


Laia‘fcz-fairc 


Policy dot-onninod hy group 
dlsouHtiion, \viU\ nsfliHbinco of 
loadoi 


Policy loft ficc hr in- 
dividual or gioiip dt- 
ciHion, IiCdo Iciulci 
})ailit*ipation 


Goiiond procodiiroa outlinoil l)v 
Uiador in advance, thus giv- 
ing porspoctivi' Vanoiis ah 
tornativea proRonted, wlion 
technical ad vice noodod 


No help hoin loadin, 
o\(0|)t to Huppiv ma- 
lejmlw and lo hiq)- 
ply infonnatuHi ^^llon 
aalcofi 


Division of taslvB dotornuiicd 
by group, boya chose own 
woik rompamoufl 


No pai ii< ipaUon |>y 
leader in a*^slgn^lonl 
of work tasks or (om- 
pamonB 


Loader ‘^objective, fact- 
mindod^* m praise and cnti- 
olsm, acted rs parUupant 
group mcnilior 


No attempt by lender 
toappuuso 01 legulato 
ovoniH, no comment 
on miMulHir actmtics 
unlORfl fiucHlnuitd 


2 Observing social bchavioi Obeeivcrs, tmincd in piolunniary 
oxporiinciita, innclo papci -ami -pencil locnuls nf the rollowing nntiiro, 
flvo or raoro obscivei’s being nbbigncil to each gioup of five boya 
aociaJ interactions, in terms of frequency of directive, oomplmnt, 
objective, resistant, niid otiicr types of behavior directed towaid 
otliors; group structure, in terms of activity subgroujinigH, btatenients 
of nature and goal of activity, identity of the initiator of the activity, 
ratings of degree of group unity, conversation, recoidcd verbatim and 
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in cnliietv l)y s^tonogiaphciB, mteip) elation^, nichiding descriptions of 
mcidcnls and notes on change^ in tempo of activities, excitement, 
boiodom, etc It was found moic satisfactoiy to assign each obseivei 
to a single type of beha\ un for all subjects, lathei than to assign 
him to confine Ins obbCivations to a single boy All lecoids by all 
oliseivcis weio Bynchionized at 1 -minuto mteivals, so that they could 
intoi 1)0 fitted togetiier without ciioi Aftciwaid these recoids were 
coded fur vanous categuiics of behavior lelevant to the hypotheses 
of the study, the reliability of the coding process proved satisfactory 

3 liolatmg individml response to soml stimulation This aspect 
of mefcliodology lias to do with the theoiy in tenns of which expeii- 
mental manipulations and behavioi observations aic made Both 
must bo such ns to confiini oi chspiove hypotheses conceimng motive 
liattcins US intervening vanablcs lelating stimulation to lesponse In 
the piesont study one hypothesis was that adult contiols tend to 
Cl cate egocentric latlicr than group- conteied motive patteins Hence 
the 0X1)01 iment was so planned that the following obseivations could 
be made 

In the autoeiatie groups, a^ compaied with the othcis, there was 
a h)W(‘i ratio oi liequency of use of the woid to that of the word 
a lughoi nitio of hostile to fuondly behavior, mote *hostrictivo” 
hehuviur by the londei, less casual sociability and spontaneous con- 
vocation among boys, inuic submissive behavior toward the Icadei, 
inoio compotitivo and moio aggressive behavior towaid other boys 
(Quantitative evidence is picsented foi all these findings) In the 
autlioiitanan gioups, moreover, the piopoition of time spent m ^'serious 
work^^ dioi)])ed sharply when the leader left the room, whereas it 
drojjped scaicely at all when the demociatic Icadei left In the demo- 
cratic guiups, as compared with the others, theie were markedly fewei 
expiessions of discontent, thoio wa& moio oaiefulness in woik, a larger 
number of creative suggestions, and moie pride in*pioducts of group 
cffoit Tlicflo and otliei findings sciwo to confirm tire initial liypothe- 
siB The methodology begins with the theoietical plan, which dictates 
the manner m winch stimulation is controlled and behavior observed 
In the actual planning of any investigation, this methodological step 
should bo the fust, not the last 

Such an expenmont is valuable not only because it tolls us that 
diffciont individual bchaviois result in piedietablo ways from vaiying 
leadership pioccduros, but also because it telle us a good deal about 
why It could not have told us why, however, if controlled stimula- 
tion and accurate obseiwation had not been bo planned as to test a set 
of hypotheses concerning what happens between stimulation and 
lesponse^ 
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Such studies have httlo fcigmflcancc foi methodology in the nariowcr 
aense, but have much to eontiibutc to a wulci undei standing of nu thocl 
No amount of methodological exactneas oi ingenuity will bulTice it the 
problems which the methods aic a means of solving aie not adequately 
foimulatcd Methods of accurately observing ic&ponsc to social 
stimulation and of controlling social stinuilatum must bo subsoivicnt 
to tlio major pioblcrn of explaining tlic psyeliological piocoases wlucli 
cletcimine behavioi Methods of obseivmg lesponso and of eon ti oiling 
stimulation aio by no means pcifccted Social jisyohology^a most 
urgent present need, howovei, is bcttci foimulation of its problems, 
particularly in icbpcct to the ways in which cveiyday tor ins of social 
fitimuiation aic fitted into individual motive patterns 
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iSVc also Iloarmg 
Efficiency, 450-497 
See also Motor funotiona 
Electneal activity, 41 7f 
electrocardiograph, 412, 423-426 
elcotroonoophalograph, 307, 370, 413f, 
426, 448-462, 61 3f 
olcctrorayograph, 41 2f 
olcotiophyslology, ear, 223-226 
fetal, 423^26 

galvamo skm roapoDBe, 414, 560f 
neural recording, 448-462 
Seo ako Aotion measurement. Bodily 
functions, Cortical functions, 
Motor functions, Neuropsychology 
Electrocardiogram, 412 
fetal, 423-426 

Eloctrooncophalogrom, 307, 370, 413f, 
448-462, 613f 
fetal, 426 

Eleotroendosmosls, 261 f 
Elcotromyogram, 412f 
Eleotrophysiology, in audition, 228-226 
Embryology, 419-428 
Emotion, 374-386 
bodily changes, 875-880 
cluld behavior, 651-669 
expression, facial, 386f, 079f 
fooling, mtrospeotivo dasoription, 

361f 

hypothalamus and, 881f 
lie detection and, 376-878 
social expression, 886f 
startle pattern, 378-380 
Burgioal method In, 380-386 
Empirjoism, 2 
Energy meofluroment, 4Hf 
See also Action measurement 
Entoptio stray light, 201 
Environment, control and child beliavlor, 
628f 

lierodlty and, 18, 026-629 
Internal, and bodily functions, 428-437 
Equal-appearing Intervals, method of, 
144f 

Equivalent groups m learning, 20 


Equivalent stimuli, animal, 330-338 
child, 036f 

Equivocal stimulus patterns, 167-100 
Ergograph, 370, 408f 
Errors, constant, 127, 131, 134, 137f 
fractionation, of, 16 
learning curve of, 38 
variable, 127 
Esthesiomctor, 126 
Esthetics, aptitudes, 61 If 
poicoption and, 161 
Expectation, constant error of, 184 
Experiment, artificial character of, 10 
oontrol-gioup method m, 10-12 
controls m, 7f 
control-test method m, 10 
design, 9-16 
leammg, m, 66-94 
factorial. Of 
functional, 9f 

matched-pair technique In, 12f 
method, general, 4f, 0-10 
practice method in, 13 
rotation method m, 16 
Expression, emotional, 386f, 679f 
method of, 308f 
See also Peeling, Emotion 
Extmotion, m conditioning, 46, 64 
Eye, 194f 

movements, 21 6f, 308-311, 406-408 
Eyehd, conditlomng, 014-621 

Facial Expression, emotion, 386f, 079f 
Facilitation, sooial, 668f, 673 
Factor onaljela, 9, 371, 631‘-633, 646, 
666, 684f 

Factorial design, 9 
Factorial oxperimonta, 9f 
Fatigue, 476-4S2 
See also Motor functions 
Fcohnor’s law, 126, 128-131 
Fcohnar's paradox, 204 
Feeling, 360-370 
introspective description, 361f 
tone, 474f 

Fetus, behavior of, 419-428 
Field study, animal, 322f 
Figural aftei effects, 170t, 210 
Figure-ground phenomena, 172-174, 190 
Flicker, -visual, 212-214 
Forgetting, 66f, 78-61 
See also Momoi y, Retention 
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I'^oim ix'ir option, 171-170 
Fiiiino of loferoncoj hociuI, Olilf, OS.lf 
Firo uHHncuitumj 101 f 
li'uistration, fill) 
l'\in(‘tioiukl (ivporlmonte, Of 

Oaltcni ])iu, .U9 
(1 nit on wlnHtlo, 227 
(iftlvatuQ akm icapoiiBO, fifiOf 
OalvuiioniofoT, 370 

Ocuomliysntion, cluUl icnwoiimg, 034-039 
GVnotic factoia, cluM lielmvioi and, 026- 
620 

Goal gradient hyiiotlicsw, 29 

Ilftbitiiation, constant on or of, 13^1 
Hand preference'^, child, 040f 
Healing, 223-249 
aouity monmiiomcnt, 210-242 
anunal, 334f 

audioclecfcrie ro'iponyoa, 22J''220 
auchoineiiy, clinical, 215-240 
au-Coii(liiciion toBl-H, 230^230 
l;oaC“Condnotion Usta, 2dl)f 
oui VOH, 23Hf 
beah3, 212f 

cocJdcai irsponno, 224-220 
combination toiiew, 213-215 
diffciouco toucH, 2431 
oar, 224 

electiophyBiolugy of, 223-220 
intometion idKiiiomeua, 242-246 
locally atjon of sound, 245-2 18 
loudnesH, 233f, 241f 
decibel Hcalc, 23 If 
diflcnmination, 24 If 
otpiaUloudness curves, 242 
upper Iiinit, 241 
masking, 245 

oscillographic study, cathodo-iny, 226 
pitch, diaoriminatiou, 230-233 
louver limit; 220f 
raiigtS 226-230 
uppci limit, 227f 
Moimd locallz/ation, 245-248 
summation tones, 243f 
Hercdifcy-onviionmont prohjom, 18, 020- 
621) 

HomqoHtaHltt, 420f 
IIonesfc>, poiTjonalitj and, 548f 
Ilorsley-t^larko npparatiiH, 382-384, 451 
Hy^iothalumuB, emotion and, 381 f 


IlyiiotlK'HiH, Boic*ntihc, 3f, 6 

lliuBion, autokmotio phonoinonmi, IBfif, 
210 

Fcchnei 'h paiadox, 2(tl 
movement, of, 214 
oculogravir, 312 
tHnilogvial, 312 
^te (iIho IViccptioii 
Imitation, method of, 038 
Immodiatt loaniing, 32-35 
IinpiOMsion, method of, 367«-309 
Sec aho Feeling, Emotion 
Incontivcsa, animal, 328-330 
appiopiiatcneas of, 320f 
facilitation, 329f 
human, 349-362 
motoi functions and, lG4f 
Bocial, 008f 
jSce also Motivation 
Individii'il difi’crcnce^, 17 
din'oreutlal inethudH, 17-20 
loaniing, 70 

IiafiiKtiy, olmuni p^yoliology ni, fi92f 
Inhibition, in conditkining, 5*1 
lnk4)lota, Uoi-Bcliucli, 658-500 
Innci vatioii, muHonlar, 290-292 
See nho IvinOHtiiebm 
Insight, 32-35, 57f 
iwruonality iiiul, 552f 
Inatitutional udluonco, Hooml, 607f 
IiiBti umeiilal conditioning, 48-62 
Intelligence, 498-53B 
Sec alno AptitudcH 

Interaction phenomena, binocular, 2031 
homing, 242-2*15 
Intel cst, voiuitional, 646f 
Intermittent Htunulation, visual, 212-214 
Intel mil eiiviionmeiit; bodily fuuotionH 
and 42?M37 

Intcipcifional rolationn, Boolomotry, 371- 
371, 658f, 008f, 088f 
Sre aim Hoolal bolnivioi 
Intel vid of unccitiurdy, psychopjijBical, 
130f 

Interview, 499, 542^ryl4, 579-581, 503 
clilld, «30f 
play, 054 
Btn^ttS, 5*14 

Introspective method, 6 
pel eeption and, 161-164 
thinking and, 97-101 
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Tnvontoiy; i)om)nftlity, r)l4-M7 

JND, 125, 192^101, 208 
*SVc aUo PHychophysiCB 
Jdinaifi-vu phonomonon, 61 If 
Joi) aiiftlyaiK, 514f 
Judgmoiit timo, mnthod of, 1 t7f 
aSVc (il w Roiirtioii timo 
J\i«t nnticoal)lo difforcnco, 125, 192“194, 
208 

Scl aho PByolin])hyaics 

KmcHthosiH, 290-294 
clinical fitudy, 293f 
inneivation, muscular, 200-292 
ps>oha]>h>siCfiI stud)’, 294 
icoording, oleotiloal, 202f 
stimulation, oloctncal, 202f 
i^ec aUo Vestibular function'^ 
KneC'jerk i oflox, 400 
Koonig bars, 228 
Kymogni])h, 404 
See also PhotoiHilygi uph 

Labyrinth, inner eai, 295 
I>nnd()lt oirolo, lOOf, 205f 
Language, child, 646-051 
leoording, 040-048 
word lists, 6-lQf 
Ijatout learning, 37 
Ijoadership, social, 688f 
Loarnmg, 23-06 
animal, 338-346, 
curves, 37-44 
dl&tancG, 38f 
error, 38 
sigmoidj 41f 
time, 38 
Vmcent, 42-44 
detour, 32-34 

distiibution of piactioe and, 76-78 
equivalent groups and, 26 
experimental designs, 66-94 
forgetting and, 66f, 78-81 
immediate, 32-36 
individual differences in, 70 
insight, 32-36, 67f 
latent, 37 

ma/o, 26-30, 330-343 
doul^lo altcnmtion, 30 
human, 28 
spatial, 20-29 


Ix‘annng, maze, tomporal, 30 
motivation and, 24f, 36f, 70 
motoi, 23-44 

multiple^ohoico, 34f, 335f, 343f 
muHciilar tension and, 73-75 
jmirtjco djHtnlnition of, 76-78 
problem bo\, 31, 34 3f 
pioccHs, 35r 
progr<‘3s, 37-41 
piu'hiiit, 32 

)niz;5le box, 31, 343f 
ichearsal and, 70f 
Skinnei box, 81, 32Cf 
auddon, 32-35 
tiansfei and, 66f, 88-94 
inal-and-cnoi, 24-37, 56-58 
Unia og method, 32-«14 
See also Conditioning, Memory, Trans- 
fei 

Level of aspiration, 368-300 
Lie (lotcction, 370-378 
Limon, ulwolute, 126 
difforonco, 53, 133f 
pitch, 230-233 
skiu Hcnses, 261 
visual, 102-101 
Limits, method of, 131, 184 
IjolKJctomy, 452f 
Lohotomy, 462f 

Localization, sound, of, 245-248 
touch, of, 260f 

Locomotion, perception of, l82f 
Longitudinal approach, 18f 
Loudness, 233f, 241 f 
decjbo] floalc, 233f 
discrimination, 241f 
waible method, 241 
equabloudncsa curves, 242 
upper limit, 241 
See also Hearing 

Macula, inner ear, 296 
Manometer, 409 
Masking tones, 246 
Matched-gi*oup technique, 10-12 
Matched-pair technique, 12f 
Matching method, child study, 630 
non-acnal, in perception, 105 
pci’sonality study, 553-550 
Maternal bohavioi, animal, 320 
Matiu’ution, child, 620-033 
Maze learning, 20-30, 330-342 



Mii /0 loannng, ecntnfugal Bwuig» 21) 
{loublo altornatioiip 
goal gnullont hypotheHiB, 29 
Imiriftn, 2K 
Hpatial, 2fl'-20 
temporal, 30 
teat, R07 

<SV(] also Learning, Animal behavior 
Moan giadfttion, method of, 124f 
Moaning, poicoptlon of, 184f 
Moasuromont, Bubjcetlvo, 12'tf 
viBualj 105f 

Sec aho Aotion meaauromont/ Psyoho' 
physicti 

Mechanical aptitudes, 51 2f 
Mcohan iflms, visual, 21Sf 
Memory, 6<t-96 

amount of matoiial and, 07f, 76-*78 
olcotrio oonvulhivo tfierapy and, 002-^ 

m 

oxponmontal designs, 60-09 
forgetting, 05f, 78-81 
individual dlfferoncca In, 70 
loftinlng, iransfor and, 06f 
moth Otis oi studying, 72-78 
muscular tension and, 78-75 
order oiTcots and, 71f 
pniretl-asHooiates, 604f 
practice, nou-oxponraontal, and, 

70f 

retention and, C8f, 78-87 
series effects and, 71 f 
tranafoi and, 09, 88^01 
See also Learning, Transfer 
Metabolic mto, basal, 431--434 
Methods, olasaifioation of, 5 
goneial psyohologlcaJ, 1-22 
See eaparale for xndxvid'tml 
indhods 

Minimal change, method of, 131-134 
Mirror-drawing, 30f 
Monoohromatlfl color vision, 211 
Motion, perception of, 182f, 2l4f 
Motivation, 348-360 
ammol studies, 324-330 
human, 348-800 
inoontivoB, 349-352 
level of ampliation, 358-300 
motor functions and, 404f 
obsUiiotion motliod, 827f 
set and, 362-358 
Boolol, 089 


Motor dovelopmont, child, 030, OdOf 
MotorM'vprosflivo nietlHulR, 558 
Motoi functioiui, dhD-'lD? 
anoxia and, 480-403 
blocking of lesponsos, 4061, 478-482 
cahnimetiy, it^piiatory, 473f 
cliild dovelopmont bcalo, 030, 045f 
distraction and, 402 
dnigs and, 480f 
ofllcionoy, 470f 
fatigue, 476-482 
feeling* tone, 474f 
incentives, 404f 
motives, 494f 
organic state, 473f 
patterns, olcmonfcaiy, of, 400-409 
physiological conditions and, 488-492 
reaction time, 461-468 
flssocmtivo, 403f 
ohoioo, 463f 
disonmmatory, 463f 
sonui, 404f 
sot and, 406-^108 
simple, 401-468 
reflex, 461M101 
knoo*jerk,* 460f 
rest and, 484-488 
bKiUb, child, 640-646 
sleep and, 487f 
steadiness, 394 
suggestion and, 488f 
transfei, decioraont, of, 482f 
set, of, 48af 
work, 409-484 
curves, 471—473, 476—482 
dooremont, 468f 

Sec (lUo Action measurement, Bodily 
functions 

Movomont, constant error of, 138 
peitKaption of, 214f 

Multiple-eholoe learning, 34f, 335f, 343f 
Muiiseli color system, 2(}9f 
Muscular tension, learning and, 73-75 

Katurc-nurtiiro problem, 18, 626-629 
Nerve blook, skin senses, 252f 
Nerve seotion, skin senses, 262f 
Nervous system, 4I7f 
hypothalamus, 381 f 
See Bodily fimctions. Cortical 
functions, Neuropsychology 
Neural rooording, olecirloal, ^Pi8“462 



Ncuropnthologv, 452-454 
NcmupBychology, 417-468 
corticiil fuiictioiiB, 487-454 
ablation mot bod, 446f 
douctivation tocbiiiquca, 444-448 
lobectomy, 452f 
lobotomy, 462f 
neuropathology, 462^64 
Domosurgoiy, 452-i54 
rcoorduig, eleotneal, 148-462 
slimulation tcolmiqucs, 440-444 
mtuTvenmg variables nj, 41 7f 
See also Bodily funotionfl 
Nouroaurgory, 462-464 
Nonserifio syllables, 16, G6-94 
Nonxis, eooial, 186f 
tost, 620f 

ObjootivG methods, 6 
poiflonality study, 647-666 
Obstruotiou box, 327f 
Ooulogravlo illusion, 312 
Oculogyral illusiou, 312 
Odor pi ism, 281 
Olfaotio, 286 
Olfnotion, 280-286 
disonmumtion, 281-283 
conditioning and, 283 
quahtioa, 281-283 
BonsiUvity, 283-286 
tftsto and, 269, 280f 
Olfactometer, 284 
Optokinetic rceponso, animal, 332f 
OsclIlograpJi, oathode-ray, 226 
Osollloscopo, oathode-ray, 400f 
Ovorloammg, retention and, 78-81 
Oxygen, blood, 430-435 
tension, aee Anoxemia 

Paired oompansonfl, method of, 139-144 
Parallax, binocular, 176f 
Patellar reflex, 4G0f 
Perception, 168^188 
aftereffects, l70f 
ambiguous stimuli, 160f 
child, 034-638 

constancy phonoraono, 179-182 
con torn, 100, 172^lVo 
cutaneous, 201 f 
depth, 176-170 
distance, 170-170 
retinal gradient and, 178f 


Porcoption, distoitcd retinal piojection, 
IGOf 

equivocal stunuH, 107-169 
esthotiOB, 101 
form, 171-176 

identification, motliod of, 166 
iraprovonshcd stimuli, 100 
mtrospoctive method, 101-164 
locomotion, 182f 
moaning, 184f 
motion, 182f, 214f 

non-dnncDsional modification of stim- 
uli, 166-171 

non-sonal matching method, 106 
parallax, binoculai, 176f 
prolonged fixation effects, i70f 
psychophysics and, 160-161, 164f 
psychophysiology and, 169-161 
reduction of stimulus patterns, method 
of, 106 

reproduction, method of, 166 

retinal disparity, 1761 

I’evorsiblo stimulus pattexna, 167-169 

lotated retinal projootioni 160f 

sonsaiion ami, 168-161 

shape, 172-176 

social, 186f 

social norms m, 186f 

symbols, 184f 

Perooptivoetriictural methods in pereon- 
ality, 668-660 
Personahty, 630-668 
apperoeptivo-dynomao methods, 601- 
664 

autobiography method, 641 
case history, 64 If 
charaotor and, 639 
definition of, 630f 
honesty, 648f 
insight, 652f 

integration of methodfl, 664-666 
mterviow method, 642^-644 
mventory method, 644-647 
level of aspiration, 368-360 
matching method, 663-666 
miniaUiro life situations, method of, 
647-640 

motor-G\prc38ivo mothods, 668 
objective mothods, 647-560 
peroeptive-Btruotural methods, 668- 
660 

physiological measures and, 660f 
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]^orsonality, |)h>si(iUo and, ftGOf 
picluro-asMtH.ialion moihod, 
play U^oJinuiuca, ^(32 
inojocUon, 5r)2f 
pioj(HJtivt> intilhoila, BBB-BCVl 
(l\u^tu)nniuio method, 
scales, 

Hubjectivo methodB, 5*10-547 
HUggcstibiUty uiul, CAW 
Ihtanalic apporcoplioii, 501f 
unoWrved obsei vation, frlOf 
won! (ifleoclatioii, 502 
PerBoiinoI solcotioii, climoai paychology 
in, 602f 

Pliotog^raphic study, children, 030-632 
Photomotoi, 201 
Photon, 196f 
Pliotopio vision, 207f 
Photopolygrajih, 377f, 406, 615f 
Pliyaioal oxammaliou, clinical fttudy, 
D74f 

riiysiolopiiottl pioceases, 417 '458, 183- 
402 

])crsonahLy study, BBOf 
See alao Aciiuii niwiauiemcnl, Bodily 
functions, C’ortical fiinotloim, 
Motor functions 
PJiYfllque, pei-Hoiuditj and, 550f 
PioturomHooiaiion nndJiod, 502/ 
PicUiro-fniHtralion study, 502f 
Pifltonphone, 220f 
Pitoli dlacrlramation, 230-233 
Play analysis, 654 f 
Play intorviow, 064 

Play techniques, poraoimlity study, 602 
Ploasantness, ate Pooling 
Plethysraograph, 309 
Pneumograph, 306, 406 
Point of aubjootive equality, psyoho- 
physioal, 133/ 

Political attitudes, 682/ 

Polygraph, 300, 404 
See aUo Photopolygraph 
Practice, distribution of, and learning, 
76-78 
method, 13 

Prediction of choice, payohophynical, 
154-160 

Proforonoo method, child, 637f 
Profoi 011008 , animal, 362-305 
conaumor, moasuromont of, 166/ 
hand, oiiiid, 640f 


Pieferoncos, incenUves luul, 12Sf 
taKic, 274-271), 326-331 
Prennial belnaioi, 410-42H 
Pioblem 1jo\, 31, 313/ 

Pioblcin solving, 103-107, 142/ 
diicctiou aiul, 105-107 
Pioillc, pB>ehol<jgKal, 580-588 
Piojcctioii, peiBoimlity, 552f 
iitinal, dmtoiled, iOOf 
Proji'otive motliods, 660-66*1, 681 
child sludy, 052-05*1 
lh*oi>Hganda mcasuiLmont, 150-15*1 
Piopiioccptioii, 280-318 
Stc (tho Kincslhcsis, Vestibular func- 
tions 

Pjoiajiope, 211 

PHyohmtno sbiuly, bocml belmMOi, 687f 
Prtyoiiogalvanio ies])onst^, 414, 550 f 
PHychometiic function, 135-137 
skewness of, 137 
pHyrlioinotoi U'Sla, 510-512 
Psychophysics, 124-157 
alisolute judgmenl, niclluKl of, 14 6f 
ftpphcatuniH of, 148-156 
attiludo mooBuiomenl, 148-154, OOi)- 
671 

avciuge eiioi, inethcxl of, 120-12S 
compaiiitivo judgment, law of, 112 
consUiii mot] I ml, 1*14-137 
eoiiHumor prefcionces, meaHuienu ni of 
155f 

diRcnmuml diajiorsion, 140-14 \ 
disci imuml jirocoss, 140-111 
cqual-appotuing intorvalH, method of, 
144f 

onom, 127. 131, 134, I37f 
Pcohner’s law, 125, 128-131 
interval of uuceitamty, 136/ 
judgment tinio, method of, 147f 
See also Reaction iimo 
just noticeable dilTorcneo (3ND), 125 
kint*5t)iesis iwal, 204 
limen In, 125/ 
absolute, 120 
diffonmee, 120, 133/ 
limits, mctliod of, Idl-KH 
mean gnidiiiloii, me I hod of, 124/ 
niinimal ohangi^, mcilioil of, 131-1,14 
pmrixl conipui jsoriH, uiolhod of, 130- 
144 

porcoption and, 150-16), 164f 
point of mihjeotive eijuality, 133f 



PsycliopliyHiLS, procliction of ohoico, 
icA-im 

proi)iigunda oftcota, monauiomont of, 
160-154 

pHychomotno function, ld6“lS7 
Bkmvncaa of, 187 
pHychopliyBiology and, 150-101 
mnlc oi-drr, method of, 14G 
loproduotioii, m('ihoil of, 128-128 
BOiiBitivity, 127f 
meiitiuiomont of, 185-187 
Binglo stimuli, motliod of, 1 l(Jf 
akin Roufics and, 200f 
subjootivo moasurement, 12 If 
unit of, 111 

sucoossivo intervals, motliod of, 14B 
fasto, 273, 277-270 
threshold, absolute, 120 
dllTorcntml, 125f 
torimnal, 125f 
visual, 101-104 
Wcliei’a law, 128-131 
PHyohophyHiol()p;y, psycliophysica and, 
i5i>-101 

^ccdho llodily fuuotions, MoLoi fuiic- 
(lona, Neuropsychology 
Pupillary road ions, 210-218, 400 
Pupillomotor, 407 
Pnrldnjo plionomenon, 030 
Pill Huit-me tor (lotor), 32 
Pu/.zlo box, 31, 34Bf 

QuoflfclonnairG, poreonalitj, 544-547 

Range, auditoiy, 226-230 
Rank order, method of, 140 
Rating scales, 651-563 
Ratings, child behavioi, 067 f 
Rationalism, 2 
Rayleigh disk, 233 
Razzing, effects of, 080 
Reaction tlmo, 461-468, 508 
oflaooiativo, 463f 
oholco, 463 
discriminatory, 403f 
Judgment time, 147f 
Honal, 40^1f 
Hot and, 400, 408 
simple, 401-463 
akin souses and, 201 
thinking and, 08-102 
Reasoning, anunal, 341f 


Rcasomnpf, induction, 3 
syllogistic, 2, 116-119 
conclusions, analysis of, 110^119 
See also Thinking 
Recall, 16 

Roceptojs, flkm, 263-259 
depth, 254 

inioroscopio oxami nation, 264 
processes, nature of, 254-267 
vestilmlar, 206-297, 304f 
Recognition, 16 

Recordmg systems, action, 396-402 
back action, 400f 
distortion, 309f 
imigo, 397-399 
sensitivity, 397-390 
See also Action monmircmcnt 
Recovery, from work, 484-488 
Roiloxes, 469-461 
conditioned, 23-63 
eyelid, 614-021 
kiice-jeik, 400f 
Relearning, 16 

Reproduction, method of, 120-128, 105 
child study, 038 
Roapiratoiy calonmoliy, 473f 
Rcaponso geneializatioii (conditioning), 
60 

Rest, motor functions and, 484-488 
Retention, 66f, 78-81 
olectno convulsive therapy and, 602- 
614 

intervening leai nlng and, 84-n87 
measures of, 16, 81-83 
overlearning and, 78-81 
retroactive inhibition and, 84h87 
Retina, lG4f 
angle, 196f, 206 
disparity, 176f 

gradient, perception and, 178f 
project ion, dietoited or rotated, 

169/ 

Aelroaotive inhibition, 84r-87 
degree of slmilanty and, 86 
formula for, 87 

Rovorsiblo stlmuluB patterns (percep- 
tion), 167-168 
Rods, roUnnl, 104f 

Uoi“aohach test method, 107, 568-600 
Rotated lotinal projection (perception), 
lOOf 

Rotation method in experiments, 13-16 
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Kiimoftn ouliurti^ 67G-078 
Scioutlfio mctliod, hwtory luid pliilosophy 
of, 2-'J 

Koo topic viHion, 207f 
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